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EGG STAGE OF THREE SPECIES OF HAWAIAN FRUIT FLIES 
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from 26 to 35 hours, while at a mean temperature 
of 73.6° hatching occurred after 52-54 hours. 
(1928) and Koidsumi and Shibata (1935) 
and 10-hour incubation periods, 
. for melon fly eggs during the summer 
periods which seem rather 
comparison with others cited herein. 
Koreisht (1937), en Formosa, and Renjhen (1949), 
in India, confirmed the earlier Hawaiian work, 
reporting that under natural conditions in these 
two stage lasted about 24 hours in 
summer and from 4 to 9 days in winter. 

Shibata (1936b) conducted constant tempera- 
studies on melon fly eggs and reported that 
the favorable temperatures for hatching occurred 
between 60° and 90°. At 53.6° development 
required 190 hours, while at 51.8° no hatching 
occurred. At high temperatures, development 
required 22 hours at 95.0°, while ne response was 
noted at 96.8°. The shortest developmental 
20.1 hours, eecurred between S9° and 91° 
number of eggs hatching tn each sample 
reached a maximum value between the limits 
60.8°-91.4 Above and below these fimits the 
proportion of eggs that hatched dropped oft 
rapidly. Keck (1951), in Hawan, reported the 
effects of constant temperature conditions on 
nelon fly eggs, finding that swiftest development 
occurred at 90° (17 hours minimum, 19 hours 
slightly retarded development at 95° (19.7 
mean) and no hatch at 100°. Only a few 
(ne time of development 


Kato 
report ed O- 
respec tively 
season on Formosa 


short in 


areas the egg 
n 


ture 


time, 


The 


nean), 
hours, 
eggs hatched at 55° 
given). 
Oriental 
ditions in 


fruit fly eggs, under natural con- 
Formosa, hatched in from 24 hours 
in summer to 20 days in winter (Maki 1921). 
With temperatures below 50° hatch was 
obeerved. Under constant temperature conditions 

1 Formosa (Shibata 1936a) no hatch eceurred at 
51. 8° or below, or at 102.2° or above. Egg 
development required at least 10.5 days at 53.6". 
the lowest temperature at. which hatching was 
noted, and 35.8 hours at 95°, the highest tem- 
perature at which hatching occurred. Swiftest 
development occurred at 89.6°, taking 26 hours. 
Flitters (1950), in Hawai, observed ne hatch at 
54.5°, hatch tn 7.4 days at 59°, and again 
hatch at 99.5°, 

To ascertain as accurately as possible the 
effects of extremes tn temperature upon the 
developmental stages of these three species of 
fruit flies, hatching time and the percent hatching 
were observed at various constant temperatures 
between 52° and 98°. Emphasis was_ placed 
upon temperatures near the threshold of develop- 
ment, although sufficient data were collected to 
permit the construction ef the entire temperature- 
development eurve. 

A major virtue of the work tn Honolulu was 
the availability of the three species of fruit flies in 
large numbers and the consequent advantage of 
tonducting experiments upon them simultane. 


ne 
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This facihitated chrect comparison of 


ously. 
species. 
MATERIALS AND METHODS 
Eggs were ce tected im the insectary by exposing 
umber 
tor 


Teble® 


thin eireular pages of orange peel or cu 
peel, fastened t gl ass plat tes with paratnn, 
l-hour intervals in cages « ontaining Tay id fer 
flies (Baker 1945). The eggs of each spectes (for 
deseription of egg chara Hardy 19495 
were removed from the sections with a roe ed 
camel's-hair brush, collected tn water, and mixed 
well. Approximately 1 toe 200 eggs of a given 
species were placed upon each of two moistened 


ters, see 


squares of blackened filter paper. These er ires 
were then » the ionide wall 
ylass vials and saaascet to touch a wad of wi 
soaked cotton at the bottom of the vial. 
ensured a constantly motstened condition of the 
filter paper and maintained the eggs in a saturated 
environment. To reduce contam ation by eens 
and fungi the water used in the 
0.1 percent cupric chlonde. The vials Jaothen 
tightly with one-hole rubber itha 
2-inch length of glass tubing for air aceess. Each 
set of vials, conta a total ef between 200 and 
100° egg then submerged tn a constant 
temperature water bath. In certain instar 
where the temperatures used were near, at, or 
just beyond the developmental limits and only a 
few eggs of the sample were expe ted to hat h, 
more than vials were used in the The 
number of eggs in such samples ranged from 500 
to over 1,000. Temperatures were maintained 
with eleetronte relays controlled by metastatie 
mercury thermo-regulaters te within plus) or 
minus 0.1 degree F. 
Preliminary screening 


fastened ¢ s of small 
iter. 


This 


Sto} ypers fitted ‘A 


ning 


eggs, was 


° ces, 


two SE. 


tests were made at each 
temperature studied in order to indicate the 
approximate time of first hatch. This was 
accomplished by withdrawing the vials from the 
bath at 4-hour intervals throughout the ineuba- 
tion period and observing for hatched eggs under 
the dissecting scope at IS power magnification. 
At low temperatures, readings were begun only 
about 24 hours before the estimated time of 
hatching. 

With this prelimimary information on the time 
of first hatch, more accurate tests were made in 
which the new set of tubes was left in the bath 
for almost the entire incubation period. Several 
hours prior to first hatch, hourly readings were 
begun and were continued until the number 
hatching attained a maximum value. The aver- 
age time required to make each count was about 
2 minutes at each reading. 

RESULTS 

The temperatures studied, the number of eggs’ 
incubated, the incubation period, the hatching 
range, the median hatching time, and the per- 
centage hatching are recorded in Tables I te TIL. 
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between the time of shell rupture and full emer- 
gence. The data collected in this work are for 
fully emerged larvae only. 
nder the above interpretation, egg develop- 
n as indicated by eclosion ts restricted 
siderably. At temperature extremes many 
mbryos would appear to have comple ted develop- 
as indicated by the regular body move- 
ments and tracheal and mouthparts develop- 
ment, although some such eggs may not hatch 
at all. At ten nper: itures I to 2 degrees beyond 
the developmen ei limits, these movements may 
also be detected, but the embryos are appare ‘ntly 
too weak te break through the shell. Further, 
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Fic. l. Egg development of the oriental fruit fly. 


Dacus dorsalis Hendel: Relation between temperature and 
percent hatch (top curve), median time for development 
(time eurve), and rate of development (rate curve 


at any given temperature it ts not possible to 
determine for how long development has been 
completed a to egg-shell rupture. This point 
would require other techniques for measuring 
growth, suc ™ as gains in weight, respiration, and 
so on. 

However, tn spite of the apparent indeter- 
minacy of the end point of development when 
hatching is observed, this method has been used 
considerably in the past, it is reliable, ‘and in the 
final analysis it is the most practicable. 

No attempt was made to study the effect of 
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variation humidity on the development: and 
hatching of fruit fly eggs. Such a study would 
be of more or less academic value in reality 
fruit fly eggs are deposited and remain in environ- 
ments saturated with moisture. Egg develop- 
ment in environments that are less than saturated 
has no practical in a study of the bioe- 
climaties of these species. It may be 
pointed out that laboratory rearing experience 
as indicated that when egg samples are allowed 
to dry out, that ts, when humidity ts allowed to 
approach that of the ambient air of the laboratory 
(55 percent daytime, 90 percent nighttime), egg 
mortality becomes extreme, even though tem. 
peratures are favorable. 


stinee 


value 


nsect 


STATISTICS OF KGG HATCH 


Since the eggs in a sample hatch over a range 
of time, rather than all at once, the 
hatching or egg development must be considered 
statistically. This involves the matter of varta- 
tion, the distribution of variation, and the reli 
ability of the final statistic used to neere sent the 
entire sample. Some single-valued measure of 
time to complete development at different tem- 
peratures is required, and this value ts_ best 
represented by a most probable statistic, ie.. the 
average, 

Previous 
temperature 
ment have chosen 


} yrocess of 


investigating the effect of 
wth and develop- 
different values, usually 
labeled with the term “average,” for best repre- 
senting their data. Where stated, most workers 
used the arithemetic mean of the variations in 
response of their samples (Bliss 1926; Peairs 1927; 
Koidsumi 1933, 1934; Melvin 1934; Shibata 
1936a, 1986b; Edney 1945). Wardle (1980), 
working with Lucilia sericata, presented two 
values for the durations of stage with tempera- 
ture, the mean maximum and the mean minimum 
times of correlate duration of 
development with temperature he used the mean 
of these two values. Powsner (1935) stated that 
the hatching of eggs, the pupation of larvae, and 
the emergence of adults of Drosophila melano- 
gaster are events distributed symmetrically in 
time and are therefore well represented by the 
arithmetic mean. However, he presented dis- 
tributions of egg hatch at only two te _ ratures; 
25° C., in which case hatching took place in a 
period of time green! to a normal frequency 
curve, and 19° C., in which case, according to his 
data, catiliens: time was neither normally dis- 
tributed nor symmetric about the anthmetic 
mean. 

Huffaker (1944), in his work on Anopheles 
guadrimaculatus, used the average time for the 
first half of the egg sample to develop, and 
stated that this is a better statistic than the 
average time for all to develop, since the latter 
half of a sample was more likely to be affected 
by limited food supphes. This appears to be it 
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response. To 
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Thev justified this statistic reason of 
relativel ye pote res iat hatched 
during the first part. of » hatching period. 
Howeve r these workers also repe rted that the 
on period, and therefore the time for the 


egg that hatched, was not independent of 


the number of eggs that hatch. Rather, the 

larger the sample of eggs d, the shorter was 

the time for first hatch. The dependeney of the 

hatching time upon sample size 3s not present when can be ascertaine 

using means or medians, Treatment 
Objections to the use of the arithmetic mean that ts, 

in this tvpe of work are usually based upon the the 

fact that it is abnormally affected by extremes extreme response an 


in the range of response, especially when the the desired charact 
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used 11 
means 


It 1s for this reason that medians were 
the present work rather than arithmetic 
or minimum responses. 

In the present study cumulative frequency hatch- 
ing curves at several different temperatures were 
constructed in order to determine the manner of 
hatching of fruit fly eggs. For purposes of illus- 
tration, the hateh-time eurve for eggs of the 
oriental fruit fly cellected in the usual manner 
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Fic. 2 lation between percent hateh and hatching 
time for eggs of the orient a fruit fly, Dacus 
Hendel, incubated at 80° F. A. Arithmetic 


B Log-probit scales. 


dorsaits 


seaies 


ind held at 80° F., is given in figure 2A. This 
response curve is skewed positive, as indicated by 
the considerable extension of the upper arm of 


the sigmoid eurve. The added dashed line indi- 
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America 

eates the shi pe suc ha eurve should take.:on the 
basis of distribution of the first half hatching, for 
the entire to be svmmetrically distributed 
about the mean. Data from the s: 

are plotted tn figure 2B according 

of probits (Bliss 1937), using the log transforma. 
tion to normalize. From this latter curve 3t 
be seen that the log transformation has reduced 
the skewness of the cumulative frequency curve 
but the curve still retains some 
According to Bliss. such a 


‘reorrection of the 


sample 


ae msiderat Ty i 
sigmoid character. 
result deri from ar 
data by probits. 
Other normalizing 
the log-log of time, 
of the log of time, square 
fail to improve upon the shape of the probit 
curve. It deduced from this that the 
hatching of fruit fly eggs at SO° ts 
symmetrically 
logarithm of time, 
eurve. This being se. use 


most 


Ves 
transformations, such as 
reciprocal of time, reciprocal 
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mav be 
oriental 
distributed in 
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giving probits below bove 
deal of the re sidui il 
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the interpol 
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INFLUENCE OF TEMPERATURE ON FRUIT PLY boas 


It 1s not pre yposed here to enter inte a det: ite 
discussion of the relation temperature 
and insect development; this subject) has ‘en ty 
amply reviewed by others, including Crozter 
(1926), Shelford (1929, 1930), Belehradek (1930, 
1935), Uvarov (1931) and Hoskins 
and Craig (1935). ‘efore, only the following 
comments are made as rnibing the 
results of the present work. , 

The developmental-time data of Tables I to 
II, when converted to their ree iprocals, are 
inadequately deseribed by the rectilinear’ 
regression of developmental rate on temperature, 
pik int phe 
Garuiecacn (1910), 


between 


a basis for desi 


sin iple 
sis suggested by the earls ‘nologists and 
advocated for insect growth by 
Sanderson and Peairs (1913), Krogh- (1914), and 
Blunck. (1914), and since used by many other 
entomologists. Instead, the growth-rate data, 
plotted as in figure 1, describe temperature- 
oe eurves characterized by a sigmoidal 
increase from the threshold to a maximum point, 
followed by a post-maximum decrease to the 
upper developmental limit. This same pattern 
of development has been described empirically 
by Prochnow (1908; cited by Uvarov 1931) and 
later by Shelford (1927). In neither of these 
eases were mathematical relationships preseribed 
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exponential funetrons Janisch (1925), Beleh- 
radek (1926), Davidse (1944), and Pradhan 
(1946). relations were tested against 
the data presented here, but only the formulas of 
Jantsch and Pr nelude the required sig- 
snoidal charact 
expression, mathematically a 
when relating temperature and range t mimit the accurate evalua 
rom twee expo- 
‘ seribe, respee- 
of tnereases 1n 
the decelerative 
action of hig peratures » the point of 
fastest growt may be ot quantitat 
symmetric when the accelerative and decelerative curve ts. re 


ntensitv on each side of the | Pradhan’s expression 


actions are of equa 
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mmetric eatenary may be titted to 
the data of figure 1 only by the 
and ascending portions of the time 
eurves individually and adjusting 
the origins and intercepts of the twe exponential 
ches derived from each. While a formula 
ma\ 1us be derived to fit the data rather closely 
ie ee the medial and high temperature 
ranges, the low temperature range ts 
Further, the resultant 
nary is of gre complexity than Jantsch’s 
(1925) original formula. 
For Dacus dorsalis a catenary that tits the data 


an as\ 
considering 
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temperature 
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iter 
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v is the developmental time and ¢ ts the 

» between the temperature of the origin 
curves 94.4° and the t 
determined ar iphicalls 


a logarithmic 


where 
differer 
if the’ two empirical 
emperature, the latter 
plotting developmental ti 
‘ale against temperature on an arithmetic seale. 
adjusting the origin of the that ts, 
ting a constant from the set of develop- 
plotted eurve 
For Da us dorsalts 
trial to be 24.2 hours, 
ned by the 


and that 
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t was found by 
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intersect at the 


two limbs of the 


this constan 
the slope of the 
low temperature 
determined by the 
2.385. The two straight 
int 94.4 degrees and 1.180 hours; the expres- 
ons describing each of these lines are therefore 
1.180(1.145) %*" and 1.180(2.385) 4+" where 
'is the actual temperature. The overall expres- 
sion given above is the sum of these two factors, 
where (=94.4—f', and the constant 24.2 is 
restored. The minimum point of the eatenary 
falls at 92.5°, coinciding with the experimental 
temperature at which fastest growth occurs. 

In figure 1, rates of egg development have been 
plotted in terms of developmental units, aceord- 
ing to the method of Shelford (1927, 1929). This 
procedure depicts growth terms of 
absolute units (fractions of the total development 
referred to as developmental units) 
relative units (reciprocals of 
percentages of growth per 
hour), and permits direct comparison of different 
requiring different amounts of heat at 
ensities for completion of growth. 
Comparisons ef growth rates at different tem- 
using relative units are possible for a 
but such units provide no measure 
» total growths 
species are given ~ 
100 percent, ete. 
curves fitted a 

relation to the 
The eatenary for 
given above, 
of figure 1 
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The lowest temperatures at which the egg 
stage of the three fruit tlles- could 
complete development, as indicated by hatching 
are as follows: Dacus cucurbitae, 52.5°: Ceratitis 
eapitata, 53:0": and - 2. At these 
temperatures the percentage recovery appre vached 
No eggs hatched, even when large numbers 
used, at a constant temperature one-half 
below these values. Therefore, it 
‘thresholds of development of the 
between these 


S} ecies « ft 


, - Sie 
dorsalis, dO. 


LZeTO, 
were 
degree 
sidered that the 
og stage ot 
Narrow 
The rate of development of the eggs, aS mea 
developmental units, does not varv in 
with temperature except 
a range of temperatures between the 
limits 60°-S5°.) These are ealled 
accordance with the 


INS Cote 
these species he 


' 
limuts, 


sured by 
direct: proportion 
sibly in 
approximate 
medial temperatures in 
terminology of Shelford (1927 With increasing 
temperatures from the thresholds up to 60° the 
deve lop mental rates with temperature 
in greater than direct proportion, and values for 
these rates he above the followed by the 
data in the modi a range. This result indicates 
that the det ation of the threshold” of 
development ies extrap ition of the linear por- 
tion ot the mperature curve may not be 
(See 927: 


} Ne 


increase 


2: 
sitie 


ae 

accurate. also Peairs 1 
Hoskins wait Craig 1935). 

If the medial portions of the rate curves are 
projected so ae to intersect the rate axis, the 
temperature values so determined (correspondins 
to the alpha Krogh (1914)) are 
follows: Dacus cucurbitae, 52.5°; Ceratitis capi- 
tata, 55.0°; and D. dorsalis, 55.0°. These values 
rather closely correspond to the experimentally 
determined thresholds of: development. How- 
ever, it would seem quite important to insure 
that only the medial portion of the rate-tempera- 
ture curve be used for this extrapolation. Using 
the method of Krogh (1914) as apphed by 
Bodenheimer -(1925, 1951), wherein a straight line 
is fitted to the entire set of data of the ascending 
arm of the rate-temperature curve, the present 
data would yield intercepts as follows: Dacus 
cucurbitae, 50.0°; Ceratitis capitata, 52.0°; and 
D. dorsalis, 52.5°. These are all lower than both 
experimentally .determined thresholds and 
the alpha values given above, owing to the fact. 
that the sigmoid nature of this part of the rate 
curve vields straight lines of shallower slope than 


points ot: 


do the medial zones 

Above the upper medial limits (about 80°) the 
rates of development begin to diverge from the 
linear relationship, passing through maximum 
values between 90° and 92° and eventually. 
decreasing as the upper limit is appreached.- 
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This decrease tn rate with 


accompanied by a decrease 


The upper lim 1 t for the three 
species { ; tie have been determined 
as follows: Ceratitis capitate, 
is dorsalis and D. cucurbitae, 97.5 
es one-half degree highe 
than these values, eggs of the respective species 
rates of developme 
tnsecetsS occur over a more 
eratiures, between GO 
ed by recove 
seni 


optimal 


: 
tures may be considered the optimal 
} 
. 
, 


Uvarey 


whi h the swiftest grow occurs, hee atutse } 1am Those 
° 9 
3 


point, Iving as elose as it does to the upper tem At any 


perature Iv acoompanied by peor  Dacus cucurbitar 


TABLE IN 


Due kMWAL CHARACTERISTICS om Eas Stace or te Tren Seretms or Proo: Fries 


Dacus dorsalis, D. cucurbitac, AND Ceratitis 6a pitate 


Tevrekarere 6 oF a PHERSt 
CCONSTANY 


“HERE SHOU DD ik Vieek 
| Owriwe He nt 


SPECIES 


survival. th P - esses, however 


. € 
appears t 


by Uvaros mperat P MaANXimutt 
rate comerde. 

These optimal temperatures are sligh 
than those found Shibata chsha, 1s6b 
reports the maximum rates for eggs of Dacus 
dorsalis and D. itae to be 89.5 

The 
place depends upen 
2 ete 


nedial temperatures th ‘hing ran cucurbitae and Cerati: 


is relativel 
Dacus cucurbitae, t our . dorsalis, 
and 5 te hours ‘e tpitata. Mt 


extremes of temperature, however, this hatchin 
range becomes extended considerably, rangin; 
nh 


from 3 to 4 davs for the first two species, and up 


to 5 davs for the last species. At these tem- somewhat 
perature extremes the range of hatching ts also slopes im Ww Vi 


dependent upon the number of eggs used in the indicating that extray 


sample, since at these conditions egg mortality is | mental verification. 
portions of the 


high. : 
In Table IV are summarized the various thermal become asymptot 





11S 


f these eurves adds verification that the actual 
emperature discussed above have been 
losely approximated experimentally. 
_ Comparison of the present work with that of 
ata {19360 on Das us dorsalis indicates that 
Formosan-bred fruit flies hatch over a 
temperatures than do those from 
The experimentally deter- 


Ijmit S 


r range of 
H: uwallan -bred _— 


el above 100.5°, biokinetic 
spread over four degrees wider than that obtained 
in Hawaii. On the other hand, the temperature 
which D. cucurbitae eggs were noted 
were in ¢ between the 
Formosan and Hawaiian stocks of flies. Shibata 
er ( mo t a a first hatch at and none at 
Hawaii hatched at 5 and 
the upper limit, Shibata ob- 
> and none at 97°, while the 


hatch at 97.5°, bu 


fell below 53.6 


} 


ranges Over 


to hatch ‘loser agreement 


-) @ 
o.0 


served hat ch at 
data herein show 
9S.0 
The data presented herein may also be utilized 
the experimental breeding of fruit fly 
bioclin considerations. By 


devel Dt mental 


none at 


’ 
StOCKS 
than atic 


can 
he correlations between 
Irv \ s mav be 


permit 


times or 


pe riods and temperatures, 
ances ed under c 
latching to occur at 
after predet lelays. 


sometimes ae in the se 


ditions I] 


predetern I 
Such a situation ts 
lection of strains of 
insecticides or tolerant to 
environmental 
where the se pre wedure 
few survivors for and for 
f the following generation. 
Both the need for stocks of adults (or other 
of pe rm age for further seleetion, and 
andard mass-rearing techniques for 
cahiewe of larvae, require that as many 
gathered from the few gravid 
available. This done usually 
rathering successive batches of eggs over 
; and incubating the 
batches under different temperatures so that all 
will hatch at the time. In the 
Dacus dorsalis for example, if eggs gathered one 
day are incubated at 66°, eggs of the second day 
° and eggs of the third day at 90°, the three 
hatch in 72, 48, and 25 hours, respec- 
ll at about the same time on the 
This procedure yields three times as 
uniform would 


insects resistant to 


temperature extremes or other 


t 
and 


stresses, 
if ‘ 
but a 


breeding stocks 


leetin g 


results in testing 


‘ 
lar 
large 


s “Cc ] 
eCZes as pr issible be 


females ean be 


OI! i \ 1 y\ 
several successive 


time 
Lime 


days 


same ease of 


at 73 
batches will 
ly, or a 
j individual ils of a age as 
otherwise be pe ssible 
In a similar vein, in the mass rearing of fruit 
flies it"is inconvenient to have large numbers of 
eggs hatching during the night or off-work hours, 
for best results the artificial larval medium 
d be made up fresh and inoculated with eggs 
just at the hatching. If the larval 
medium is made up some time prior to hatching, 
deleterious molds and bacteria form on it; and if 
newly hatched larvae are held for time 
before they are placed on the medium, mortality 


since 
shx nul 
time of 


some 


Annals Entomological Soctety of 


(Vol. al 


é I merica 


By using the time-temperature data and 
proper temperatures 


is high. 
necubating the eggs at the 
this proble nean easily be avoided. 


SUMMARY 


Eggs of the orental fruit tly, Daeus dorsalis 
Hendel, the melon fly, D. cucurbitae Cog., and 
the Mediterranean fruit fly, Cevratitis capitata 
(Wied.), were incubated in constant te mperature 
water baths and the time required to complete 
embrvoenic development, as measured by hatch- 
ing, was observed. At given temperature 
there are individual variations 
among eggs, and hatching 
a skewed distribution that ean ‘be 
a logarithmic transformation. Because 
developmental periods were computed from 
medians rather than from the arithmet 
of the hatching periods. The variations 
growth rate are greater at high and low temper 
tures than at medial temperatures. 

The relation between growth rate 
ture 1s sigmoidal rather ‘than rectilinear, with an 
actual decrease in rate at 
The shape of the growth rate 
the empirical Shelford curve, and 
closely approximated by an asymmetric 
function. Egg viability at « t temperatures, 
follows an inverted sso eurve with mint 
mum hatch at the temperature extremes, ap- 
proaching g zero at the thresholds and ati 
developmental limits, and with maximum hat 
n the medial temperature range. 

Melon fly eggs * developed at the lowest tem- 
peratures, in the fastest and over the 
range of te mperatures, Mediterranean 
eggs developed over a slightly narrower 
but at slower Orienta 
atfected 


a7. 
abl 


proceeds accordit ny te 


normalized by 


meary 


t high temperatures, 

-ecurve approximates 
: 

ratner 


eatenary 


TaN be 


time, 
greatest 
fruit fly 
temperature range, 
fruit fly eggs were 
peratures, having the highest temperature thres- 
hold, and developed at intermediate rates. 
Optimum development for all three species 
eccurred between 90° and 92.5°. Threshold 
values were as follows: melon fly, 52.5°; Medt- 
fruit fly, 53.0°; and oriental fruit By 
55.0°. Upper temperature limits for the sare 

species were 97.5°, 96.0°, and 97.5°. respee tively. 
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CALIFORNIA ALEYRODIDS OF THE GENUS ALEUROPLEUROCELUS: 


E. A 


with a number of closely 
whiteflies from California. 
generalized drawing, and a 
tion have been presented in the 
relating to the Aleuro- 
pleurocelus (Drews and Sampson, 1956). 
£ and previously 
of Aleuropleurocelus occur at 
from below sea level to 5000 
vhiteflies of this genus appear to be 
and semi-arid 
Various species 


previous paper genus 


+ - 
17 
LOU 


Ww species 


The 
ly host specific and seem to be 


areas of the chaparral type. 
tend to be relative 
uundant on old established plants, that 1s, 

so prevalent on young plants or those 


f regrowth on burned-over 


) 
1 
t 
I 


n characters that have proven useful 

ion, of this genus are: width of 

leflexed portion of the marginal band; ter- 
ion point of the transverse molting suture; 
' development of the posterior protu- 
ll shape of the pupal case; number, 

ze of the margit teeth; width 

f the ring around the vasiform 

orifice; shape and elevation of the vasiform 


orifice; distinctiveness of the submedian depres- 


q 
Pinal 


sions, if present; presence or absence, size, shape, 
and location of various pores, porettes, and setae; 
presence of sclerotization, 
rugosity, or fluting; actual distance between pos- 
terior edges of the vasiform orifice and posterior 
protuberance; overall appearance of the in situ 
pupal case; and other in situ characters such as 

fluting, wax formation, rugosity, and 


7 - 
color, ing, 


dots, clear areas, 


smoothness of case. 


KEY TO SPECIES OF ALEUROPLEUROCELUS 
Abdominal 1 and having 
the ped; true marginal 

oblanceolatus 
constricted laterally, lateral 
argin being convex in outline; teeth 

cured by deflexed sides of case 2 
uberance not visibly developed; pos 
of marginal band having the appear 
ight line; narrow translu 

nd behind marginal teeth acaudatus 
moderately or pr rly 
setae present; narrow 
the marginal teeth 


constricted 
V-sha 


adily visible 


narrowly 


irance of being 


area 


not 


normally ob 
Posterior prot 
terior portic mn 
ance of an irregular stra 
cent ba 
Posterior protuberan e well, 
od, with 


band 


wo long 


behind 


translucen 
lacking 
Distal 


reacning 


transverse molting suture not 
line of third thoracic suture, median 
abdominal depressions prominently sclerotized 

: nigrans 
nsverse molting suture reach- 
line of third thoracic suture; 


portion ot 


Distal portion of tra 
ing te 


ng » or beyond 
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DREWS ano W. W 


Lafavette, ( 


SAMPSON 


‘aliformia 


ea, t 


mean abdominiat 
SK lerotized 


Pos terior protube Ta 


TONS tet 


porettes present 
wax on dorsal portion 
Posterior protuberance usually well or meodera 
++ 


‘Sor porette present 


dorsa 


with 


imbricated 
Marginal band granu 
rounded by a narrow ring 
Marginal band 
rounded by a broad ni 
Detiexed 
1 


vasiform orf 


broad rit 
; coachellensis 
Deflexed portion of mat i ft more than 


111% 


ring laingi 


Aleuropleurocelus laingi Drews and Sampson 
Aleuropleurocelus laingt Drews and Sampson, 1956, Ann 
Ent. Soe. America 49 (3): 282 


Fics. 1A, 2A 


A very complete description of 
been given in the previous paper 
repeated here. Figures of the puy 
vasiform orifice, however, are ime 
paper. 


Aleuropleurocelus coachellensis new species 
Fics. 1B, 2B 


Pupal case. Size: 0.790 mm. long by 0.430 
mm. wide. Shape narrowly elliptical. Margin 
toothed; teeth obtuse with ends rounded: 10 te 
12 teeth in 0.1 mm. 

Cephalic area not visibly separated from 
first and 
pores not evident; evespots not 0 

Thoracic area with a 
located just anterior to third 
another pair just posterior to this suture. 
not present. Third 
developed and reaching almost inte 
band. First and thoracic sutures not 
evident. Transverse molting suture moderatels 
developed, anterior end extending bevend third 
thoracic suture to apparent margin. 

Abdominal area with twe pairs of minute setae 
on median portion of each abdominal segment; 
eighth dorsal abdominal setae minute, situated 
on anterior lateral portion of orifice ring. 
present. Dorsal abdominal sutures prominent, 
median depressions poorly developed, having 
sclerotized dots 1n and around them; dorsal ridge 
not well developed. | Vasiform orifice surrounded 


thoracic segments; § 
} : : 
bserved. 
pair of 


thoracic 


second 


thoracic suture moderatels 
mar 


Tetra 


sece ymnd 


Pores 


120 





Is! Drews and Sampson: 


by broad sclerotized ring, highly elevated above 
surrounding area, subcordate in form: orifice 
0.068 mm. wide, subcordate 
subcordate in form, filling 
by operculum. Posterior 
protuberance developed, with twe prominent 
. 9.019 mm. long. Distance from posterior 
vasiform orifice to visible margin of 
e 0.049 mm. . 

al band covered by trregular fluting; flut- 
imbricated, but with scattered 
rounded projections over entire area. 
Detflexed portion of marginal band about 4 width 
third thoracic suture; posterior 

wider than anterior portion. 
Black, without wax secre- 


hor 
yj . . rec ? 
; fluted markings on visible 
‘ 


aite 


} 
‘ 


en 


TAM 


portion of marginal band moderately developed; 


t ele 
tely developed. 


dorsal abdominal ridge moderate! 


c 


Fic, 1 Nleuropleur: 
. : 
CA. ornatus. WD. A. c9vanoth: 


Host. Pluchea sericea (Nutt.) Cov. 

l'ype locality, Coachella, California. Collected 
south of the town on Avenue 52 about ene mile 
trom State Highway Ill, Nevember 20, 1953 by 
KE. A. Drews 

Taxonomy. Ditters markedly from the other 
species in the genus by having the visible portion 
ef the marginal band irregularly fluted but not 
uniformily imbricated,:-and the deflexed portion 
of the marginal band comparatively narrow. The 
spectes 1. coachellensis most nearly resembles 
laingi from which it ts easily separated by having 
a thinner vasiform orifice ring. 


Caltfornia Aleyrodids 


. ‘ : 
involved. 


opleurocelus ornatus 
Aleuropleurocelus ornat 


Pic 


Cephalic 
thoracic segmen 
located on each 
area; two pairs of 
cephalic area, evespi tS th 
Thoracte area with no setae or 
on first thorack 
setae situated 
thoracte segment 
two minute setac on 
suture well ce ve loped and extendi 
1 


ortion; third th 
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molting suture reaching apparen 
anterior to third thoracic suture. 
area with two pairs of porettes on 
segment, two pairs of porettes or 
one pair ot porettes on 
segment; two pairs on fifth 
; two pairs on sixth abdominal 
seventh abdominal segment; 
abdominal small, situated on 
‘of vasiform orifice ring, a small pair 
«ated laterally to these two 
Median depressions weak, 
outlined by sclerotized 
abdominal sutures mod- 
‘veloped; dorsal abdominal ridge poorls 
Vasiform orifice surrounded by a 
heavily sclerotized, roundly 
0.059 mm. long by 0.042 
elongately subcordate in 
form, orifice, hiding lingula. Posterior 
tuberance poorly developed, with a pair of 
(0). - mm. long. Distance from 
rasiform orifice to visible mar- 
gin of posterior pri bane 0.026 mm. 
Marginal band and entire median. 
thick-walled wax pores beginning at a line 
near median depressions, extending partially into 
visible marginal band, and being replaced there 
pores and rows of crescent-shaped 
Deflexed portion of marginal band 
lx width of at third thoracic suture, 
wide in cephalic and ‘caudal regions. 
Pupal case in situ. Color of case black, with 
true margin having a small ring of fragmentary, 
striated - wax; deflexed portion without wax; 
dorsum with two wax bands, the outer band more 
flat a reaching visible edge of marginal band, 
around vasiform orifice, separated from 
band by a narrow irregular space; inner 
band about twice width of outer band but 
covering central part of median and not 
quite meeting at area above vasiform orifice. 
Host. Eriodictyon trichocalyx Hel. 
Type locality. Three miles east of 
San Bernardino County, California. 
1953, by E. A. Drews 
This species differs fre m all other 
having the large thick- 
walled wax pores of the median area extending 
into the visible portion of the marginal band. 
The vasiform orifice ring somewhat resembles that 
of A. oblanceolatus, but differs by being broader. 
Biology. This species was found to.be present 
on the lower sides of the leaves and was 
more abundant on small plants than on 


tind abdominal 


abdomit 


segment; 


» pair on 


setae 


setae. 
er setae absent 
position 


being 


dorsal 


developed. 
moderately wide, 
rectangular ring; orifice 
mm. wide; operculum 


pri 
thin setae about 
pt sterior edge of 
area with 


large, 


smaller 
tions. 
about case 


} 
Dut less 


except 
inner 

not 
area, 


Mentone 
Collected 
October 3, s 

Taxonomy. 


+ 


species in the genus by 


mostly 
much 
older 


plants. 


Aleuropleurocelus caenothi (Sampson} 
(Fics. 1D, 2D 


tralicia ceanothi Sampson, 1945, Pan-Pacifie Ent. 23 


2): 59 


Size: 0.068 mm. fong by 0.430 


Pupal case. 


eimerica 


mm. wide. Shape broadly ovate. Mar; 
teeth roundly pointed; 10 teeth in 0.1 
Cephalic area not visibly separated 
thoracic segment; setae, pores, suture 
evespots not noted, 
Thoracic area with 


thoracic suture; two patrs 


two pairs of 


on second 
thoracic 
First the racie 
thoracic suture weakl\ 
suture moderately develope 
ing marginal band. Tran 
reaching to apparent ; 
third thoracic suture. 
a few trregularly scattered imbriu 
Abdomina 

not 
depressions not evident; bd 
poorly developed; eighth dorsal abd 
minute. Vasifoerm orifice 
broad ring subcireular in outline; 

lor gy by 0.058 mm. wide: if] subcorda 


ny 
* 
ed sign 
¢ 


suture; no pores. obs rved 


suture not 
ke Ve 


‘ 
laut 
hoped 


1 but 


. ES 
Cephalot norier 


: 
ae not evice 


ae 
present; sutures weakly developed; 


di rsal abi 


SurroEdur ke ‘ 


anterior edge round 
date in form, filling or 
or protuberance poor ightly devel 
of long setae present 
edge of vasiform or 
Marginal band wit 
tions ‘ete a by two 
shaped 
are about SS such double rews 0 
imbrications. Imbricat 
are scattered over dorsal 
median area. Deflexed portion ot 
about 4 width of case. 
Pupal case in situ. 
lated black; true mar 
of a matted 
out bevond ay 
pupal case without any wax. 
Host. Ceanothus cuneatus (Hook 
Type locality. Near Bishop, 
California. Collecte ds on Marcel 
Nathan Stahler and Tt : 
Types. In the collection 
Academy of Sctences, San Franetsee. 
Taxonomy. WDhiffers 
this genus by having double rows 0 
imbrications in the marginal bani 
1. Jaing? in form but differs from it by 
thick walled wax pores. The vasiform orttice 
is the 
Biology. 


mbrications 


< trons ey 


«4 ; 
olor of Case 


mass of 


jparent 


trom other 


nti 


. 
: “at 


Rk ‘nhl 
ACSETIDLES 


broadest among the species con 
Not known. 


Aleuropleurocelus sierrae (Sa:pse) 
Fics. 1£, 2E 

1945, Pan-Pacitic Ent. 21(2 

0 oto 

SOT 


Mar- 


Vetraliciasterrae S 
Pupal case. Size: 0.7500 n 

mm. wide. Shape breadly el 

what constricted in cephalo-thorac ic area. 

gin toothed; teeth broad, reunded at terminal 

end; eight te nine teeth in Oo mm. 


ampson, 


im: long by 


liptreal but 





Drews and Sampson: Caltfornia Aleyrodids 


with ‘ene 


° ee syye 
SPOT LIGHT) 


Oplesrecelas Nasitorn: 


. 
serciters ‘ ; es 
eeanots E. A. sierra 


dorsal aber wal Sets gritntute, Dorsal sutures 


it, nearly extending inte margin: 


median depressions not developed; dorsal al 


ridge poorly developed. Granules 
} portion of marginal band lacking 
eentral portion of median area. Vastform oritice 5‘ 
surrounded bv- a narrow ring. cordate tn f s Aleuropleurocelus nigrans Bemts 


vasiform orifice O.042 mm. lo by O.053) min. Ray 1004. ~P 
S é nies mera Ror: Teas }?+ 


wide, cordate in form: opereulum cordate it 


form, filling ortfice: Tingula hidden. Posterior 
e well developed; bearing two set 
Distanee from posterior ed; 
Lerifice te visible margin O.OL0 mar, 


band with bidentate projections on 
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another by thin band, 
of each tooth; 13 


one 
r urea at base 
mm 
visibly separated from first 
‘nts; without 


located porettes; evespots 


not 


second thoracic segm«¢ setae; 


a few irregularly 
evidet { 
with first segment having no 
setae or second segment with a pair of 
moderate] and with one or more 
es associated with each seta; third segment 
with one ned of moderately long setae, without 
porettes. Third thoracic suture well developed. 
Tran sverse molting suture extending slightly into 
visit le marginal band, not reaching 
line of third thoracic suture. 
Abdominal area usually with ene er twe pairs 
of porettes on each segment near the median 
abdominal seg- 
t eighth dorsal abdominal setae small, 0.01 
x; median depressions poorly developed 
prominent by considerable surrounding 
sclerotization; abdominal ridge not well 
Vasiform orifice surrounded by a 
sclerotized ring subcordate in form, 
broad; orifice 0.046 mm. long by 
wide, subcordate in shape; operculum 
subcordate in form, filling orifice, hiding lingula. 
Posterior protuberance moderately developed, 
earring two prominent 0.046 mm. long. 
from posterior edge of vasiform orifice 
0.025 mm. 
band crossed by 
imbricatior 


1c area 
pores; 

] ? , ~>y * » 
long Ssetac 


porett 


portion of 


depressions, mee on second 


i¢ 
‘se 


made 
dorsal 
developed. 


lightly 


< y 
Ligtil 


node rately 
0.059 mm. 
setae, 


margin 
margin 


to visible 

Marginal 
of sclerotized 
imbricated rows ,.becoming groups of dots which 


uniform rows 
margin 


wide 
is, at apparent 
become very dark in color toward true margin. 
Deflexed portion of marginal band about 4 
width of case in region ef third thoracic suture 

Pupal case in situ. Dull black, with only a 
little fragmentary wax along true margin; ab- 
sutures usually quite evident: visible 
of marginal band fluted; vasiform orifice 
above surrounding area. 

Clematis ligusticifolia Nutt., 
californica Esch., Arbutus menziesii Pursh., Arcto- 
staphylos manzanita Parry, Umbellularia cali- 
fornica Nutt., Heteromeles arbutifolia Roemer.., 
Eriodict californicum Green, Ceanothus inte- 
gerrimus H. & A., ee racemosus 
Mich., Prunus ilicifolia Walp.. Lonicera involu- 
crata Banks, and Quercus agrifolia Nee. 

Type locality. Stanford University. 

Cotypes. No. 7098 U.S.N.M. 

Previously wvecorded distribution. California: 
Bemis (1904) recorded A. nigrans from *‘San 
Ramon valley at the base of Mount Diablo, in the 
Santa Clara Valley, on Black and King’s moun- 
tains, on the slopes of the Santa Cruz Range near 
Gatos, Pacific Springs, along 
Creek, and on the slopes of Sierra 
Range.” Penny (1922) lists it on 
from Corona, Riverside’ County, 
Date of collection was 1917. 


portion 
elevated 


Hosts Rhamnus 


yon 


Los Congress 
Stevens 
Morena 
Salvia sp. 
California. 


America {Vol 
Records. Californta: Hastings Natural 
Reservation, Monterey County, March 
Michener); Irvine Park. Orange 
County, January 7, 1939, (E. A. D.}; Berkelev, 
Alameda County, October 12, 1988, CE. A. D.); 
Ritche Canyon, San Bernardino County, Novem- 
ber 27, 1953, (CE. A. D.). : 

Taxonomy. A. nigrans differs from all other 
spec 1es In the genus by hz iving bands of sclerotized 
imbrications on the marginal band and alse by 
having highly has tized median depressions. 

Biology. The following information on 
biology of A. nigrans is quoted trom Bemis (1904) 
“Egg.—size 0.23 mm. by 0.11 mm.; dark. vellew 
to dusky-brown in color... elliptical in shape, 
more curved than usual, apex rather potted, 
...eggs were found in April and May. Adults 
emerged April 22, 1902. from segregated cases 
kept in the laboratory. Larvae.—when 
hatched are about 0.3 mm. 0.08 
wide; ... elliptical with dorsum very convex, 
and having a narrow band .of semitransparent 
wax closely appressed to the margins 
Antennae and functional; 
divided, circular and subequal in . ; 
early larval April, May, June, and 
September and the week in October, while 
pupa cases were plentiful everv month ol the vear 
except upon the deciduous host plants.’ 


New 
History 
9, 1940 (C. D. 


the 


tirst 


q 
long by 


re “d, 
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legs vespe ws 
stages in 


first 


Aleuropleurocelus oblanceolatus new speetes 
(Fires. 1G, 2G 

Pupal case. Size: ° 0.680 mm. long by 0.350 
mm. wide. Shi ipe obla neeolate. Margin toothed; 
teeth subacute; 15 teeth in 0.1 mm. 

Cephalic area not visibly seperated from first 
thoracic segment; a pair of elongate, clear areas 
about 0.02 mm. long, on each side of the median 
molting suture; four porettes cephalad and six 
posterolaterad from paired clear areas; setae not 
evident; evespots not evident. 

Thoracic area with each half of second segment 
having one pore and three porettes; third thoracic 
segment with each half having one seta and two 
porettes. Second. thoracic suture moderatels 
developed. Third thoracic suture well developed. 
Transverse molting suture reaching to apparent 
margin, with anterior ends extending to just 
bevond line of third thoracic suture. 

Abdominal area possessing one pair of porettes 
on the outer part of the first, third, fifth, and 
seventh segments; eighth dorsal abdominal setae 
very minute; other setae not Dorsal 
sutures moderately defined; median depressions 
absent or occasionally very weakly defined; dor- 
sal ridge well developed, due to folding of mar- 
ginal band. Folding of marginal al tends to 
give abdomen, posterior to transverse molting 
suture, a constricted V-shape form. Vasiform 
orifice surrounded by a thin sclerotized ring 
roundly rectangular in ferm; orifice 0.089 mm. 
long and 0.029 mm. wide, elongately subcordate 
in form; operculum elongately subcerdate in out- 


present. 
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with a pair of 


veen apparent mary 


which 1s also beset with 


accurately width of deflexed portion. 
Pupal case in situ. Color o 
with a small 
1 and usual 
i: 


’ 
lanceolate tm shape. 


Rhamnus crocea 


: . 
Paxonomy. his spectes differs 
ll ether st ; a . 
etl] Other spectes alisé ussed inl 


: 
i 
‘ 
vy species that is oblanceol 


: 
? 

ua 
: 


resembles A. ormatus 3 


tire 
ores 


present there 
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Aleuropleurocelus acaudatus new speetes 
(Pies. 1H, 2H 


Pupal case. Size: O.S70 mm 
wide. Shape broadly evat 
arent margin relatively strat 
teeth roundly obtuse 

*; approximately 12 teeth in 0.1 mm. 
ephahe area not visibly separated from fi 
and second thoracic segments; pores and Se 
not preset evespots not evident. 


Thoracte area with two pairs of minute set 
rege *) wor mgs vermpon?e . 
present On sec ond thoracic se gment, Bemis, Florence E. 


pores; third thoracic segment with a minute se winged 


near the anterior edge of each half, two poret 
situated laterally from it. Third thoracte sutur meat st hie 

’ ted ; : noice it a d seating me Drews, E. A..and W.W. Sampson. 1956 
moderately developed. Transverse molting su- cake Sesciak cenmal:. Waentcmiainntcele 


ture extending shghtly into visible portion of netic. 3): 280-3 





FORMATE METABOLISM IN THE AMERICAN COCKROACH, 
'. PERIPLANETA AMERICANA (L. 


WILLIAM D. McENROE 
Department of Entomology, 
Previous work injected formate 
C' is incorporated into ne s 2 and 8 of uric 
cid by the American roach (McEnroe and For- 
gash, 1957). « The overall Santee is known, from 
studies on other organisms, to be one of a general 
type in which a carbon unit at the oxida- 
tion level of formate is incorporated via tetrahy- 
acid (Kisliuk and Sakami, 1955). into 
lowing compounds: the ureide carbons of 
1951); the methyl group ot 
(Sakami and Welch, 1950); the ami- 
carbon in the ring of histidine (Levy and 
1951); and the 8 carbon of serine 


© has shown that 


single 
dre role 
: : 

the i 


purines ( (Buel nanan, 


Coon, (Sakam1 
1948) 
acid deposits in the 
and the res ot 
tissue (McEnroe, 1956) 
synthesis of uric ‘acid in 
transformvlase 


f uric 
urate body 
uric acid be dv 


the 


presence OF a 


idicate not only 
situ but also the 
system in the fat body 

This work was undertaken to study the 
units into the free amine 
injection of formate C™ and the 


in the metabolism of formate 


mcor- 
oe F 

poration oO single carbon 
acids after the 
function of fat body 


MATERIALS AND METHODS 

American roaches (Periplaneta 
strain reared at Rutgers 
this work. For the in 
solution of sodium for- 
O.l we. per wl. was 
reported (McEnroe and 


female 
L.) from a 
throughout 
0.059 M 


activity of 


Adult 
americana 
were used 
vivo studies a 
mate?* with an 
injected as previously 
Forgash, 1957) 

In Vivo Metabolism of Formate 
hours after injection, the roaches were 
with distilled water, heated to SO°C, 
and cooled. The mixture was filtered and 
and the eombined filtrate and washings 
with an air jet to drvness. The 
dissolved SOC, ethyl alcohol 
Whatman #1 


except for the 


At 5 and 15 
ground 


sand and 


washed, 
evap rated 
amino acids were 
and an aliquot spotted on 

IS” x 22"). The same procedure, 
sand grinding step, was used to tsolate the ; 
acids from the 

Amino acids were separated and 
paper chromatography. For descending 
dimensional ehromatography, the following. sol- 
ents were used: n-butanol, formic acid, and 
water (75:15:10), and SO percent aqueous phenol 
The amino acids on the sheets were located 


paper 


imine 
homogenates 
identified by 


two- 


test 
'Paper of the Journal Series, New Jersey Agricultural 

Experiment Station, Rutgers University, the State 

University of New Jersey 
Accepte 1 for oun cation 


-Nuclear 


July 22, 1957 


Instrument and Chemical Corporatior 


AND 


ANDREW |. PORGASH 
New Brunswiek, No 


wots, 
TSzuv, 


th extract 


Ss spott 


with sheets spetted wi 


bs COMPALPIson 
plus added known amin: 
with known ; 
sheets were run the same chro- 
matocab After developn lent of the 
sheets with ninhvdrin and tsatin, the areas cor- 
to the eut out 
of the test sheets, od water, 
evaporated, and counte ny i 
remaining portions 
with ninhvdrin to deter 
acids had been removed eon ipl e 

After elution, the radioactive « aeineianhice were 
run with-and without an added 
known amino acid, to check on the association of 
the activitv with a single known 
For one-dimensional ography 
water svstem (65:35) was used 

In vitro synthesis of uric acid and serine b 
fat body The used 1 in t 
was removed from the abdomen 0 
rinsed in 0.05 M tris butter, 


* 
» ite ids and sheet 


single Both senes of 
econeurre 


eomparison 


respondin yz 


In one dimension, 


amine acid. 
chromat a pyridine- 
v whole 
tissue ae tat body studies 
t chil led TOA he S. 


and kept in an tce 
ure acid and 
} Was placed 
s butter pH ik glveine 
NH,Cl, and C" formate, and incubated aerobically 
at 25°C. After three “haem he tissue was ground 
with sand, and the urte actd extracted at SO°C 
with 0.16) aqueous LixCO;. After addition of 
earrier uric acid, the uric acid was reervstallized 
t times from acid solution and degraded to COs 
by the method of (1O4S8) 
Serine was similar reaction 
mixture on a Dowex (1i0n exchange £0 x 89 
200-400 mesh) column (Moore and Stein, 1951) 
After adding carrier serine, the serine was recrvs- 
tallized 4 times in ethyl aleohol and exidized ta 
COs according to the method of Sakamr (1950) 
In vitro synthesis of serine by fat body homo 
For the study of the effeet of glveine on 
synthesis by fat body 
in 0.05 M tris buffer pH 7.2 


homogenizer. C'™ for 


tissue 


ta oe 


na mixture of 0.05 M t 


Sonne et al 
isolated from a 


resin, 


genatles 
serine 


tissue 


homogenates, the 
was ground 
with a Potter-Elvehjem 
mate, with and without glveine, was added te 
portions of the mixture 
was incubated aerobically for three hours at 25° C 
Equal aliquots of both mixtures were chromato- 
graphed to isolate the serine fractions for counting 

Counting methods. All counts were made with 
a mica end-window Geiger-Muller tube (window 
thickness—-1.8 mg./em?) mounted tn a pig. The 
COs. from the degradation of ind uric acid 
was converted to BaCO; and counted at infinite 
(Comar, 1955). A quantitative ests 


homogenates and the 


serine < 


thickness 
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histidine fractions indicates that the pathway for 
formate in the svntheses of these 
acids is it or Operates at a low level 
Sis reover, the failure of me to incorporate 
ant amount ef activity indicates that 
roach reduce formate readily 
‘methyl groups; this is reflected 
nal studies which indicate choline 1s 
requirement or necessary for 
insects (Spector, 1956) : 
gh 1 that methionine and 
line, due to a rapid turnover, have lost their 
the 5-hour period, it is not likely; tor 
shown in vertebrates that the 
} 


8 carbon 
rine exists in equilibrium with formyl groups 
1955) It 


that in the 
exists in the 
‘ 


Incorpora 10On of 


nino abset 


‘thionine 


ac eS Not 


absolute 
1 growth in 
ugh it 1s 


1 


p' ssil le 


is probable 


NiIcKe, 
roach serine same state and supplies 
although there is no experti- 
idence for this transfer A factor which 
— ‘ess the formation of methionine 1s 
flu of the diet. An adequate supply of 

labile me thyl groups 1n the diet reduces the rate 
of synt meth (Sakami and Welch, 
1950) and as the roaches were on a complete diet 
hionine might have been 


ngle carbon units, ilt 


ntal ev 
might 


thesis of ionine 


he synthesis of met 
suppressed 
The 


ours afte 


decrease in serine activity from 5 hours te 

r injection indicates that the serine 

This is not due necessarily to 

change in level, but may reflect 

necorporation of the active into pros 

teins, the reversible exchange of the 8 carbon with 
| 


not stable 
the serine 
serine 
other formyl groups and conversion to pyruvate, 
as well as the oxidation of the 8 carbon to CO. 
The major route of serine metabolism in rat liver 
slices appears to involve oxidation of the 8 earbon 
to CO, (Elwyn et al., 1957). The decrease in 
respiratory CO. hours after injection ef C'™ 
(McEnroe and Forgash, 1957) coupled 
decrease labelled serine suggest that 
the formate may have been oxidized to 
after incorporation inte the 8 earbon of 


formate 
with the 
a of 
CO. 
serine. : 
No explanation is offered to account for the 
activity found in proline. The known pathway 
for the synthesis of proline is from glutamate 
through eas y semialdehyde (Vogel and 
‘Davis, 1952). -Since glutamic acid, the known 
precursor for proline, had an observed activity 
nuch lower than proline (Table I), it appears 
that the C™ activity was incorporated into proline 
in another manner. Moreover, the level of 
activity in proline would indicate the incorpora- 
tion of formate rather than the incorporation of 
CO. produced from formate oxidation. The 
latter may he the route for the incorporation of 
C'™ into glutamic acid. The possibility remains, 
that the peak of activity in glutamic 
acid has passed and the active glutamate has 
verted to proline at the 5-hour period. 
In wtro studies indicate that the fat body 
participates in the incorporation of formate into 


however, 


been CoO 
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both purine 
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increased serine production 
shows that the 


tormate—serine, « 


everall 
xccurs in the t 
Sakamt (1955) has postulate: 
> pivotal reaction 
distribution of 


. 


level ot formate 


as the 
and 
oxidation 
is present in the tree amit 
(Pratt, 1950), this react 


carbon units 


ion can 
of single 
» acids may serve 0 
trap for funet 
formation of addition 4 
The 11 
into positions 2 and 8 of urk 
purine ring be svntheésized tn 
The ratio of activity of carbons 
reverse of that found in the tz ove work 
and Forgash, 1957) 
accounted for by the 
purine ring at 
carbon #2 with 


amine 


also as a 


eorporation by dy 
i 
‘ 


2tCle 


can 


This difference 
reversible 
p sS1t1O%) #°) 


: 
9 "ey)\ TTI 
formyl grout 


allows a decrease tn activity in 
to exchange with inactive form) 
work, with 


in the w 
of only 3 hours, the 


v1lro 
prese nce 
result in an inerease 
without de nove 
The addition ot 
purine 
shown to be a 


eft al., 1955) 


svnthesis 
} y 


earbon #2 


formation of mos 


ring by 


reversible 


SUMMARY 
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ntact 


tissue can mecorporate formate into 


acid and the 8 carbon 


_of serine 


Formate C' serine 48 
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nate 
serine 


decrease in 
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OBSERVATIONS ON THE LIFE HISTORY AND MORPHOLOGY 
OF AGULLA BRACTEA CARPENTER 


NEUROPTERA: RAPHIDIODEA: RAPHIDIIDAE : 


KOS. WOGLUM ann EL A 


moult 
bald TOUS 


‘ 
ems, subcosta 


Fr SMS]CIES,. ant 
’ 
considerable 3 
ebPpeayr 


of. 
‘species, Lgulla dbractea Carp... 
were placed tn a jar cont gs infested with 


black seale im hatchi: ‘on Thev seen 


were observed te teed on » black scale crawlers, 
et aphids. These a s hved together, 
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material. The larvae also form cells in rotten 


Wot id. 


Over-wintering ! 


larval stage in 
the situations above When they are 
disturbed during this period, thes — active 
for the moment, but become quiescent when the 


oceurs in the 
described. 


annoyance ceases. 

In the orchards, pupation 
or May, and this may vary as 
weeks between vears de pet iding, pro babl the 
severity of the winter. The aia ‘emerge 
chiefly during May, and their life-span evidently 
is limited to twe or three months, as they have 
not been seen in orehards later than mid-August. 

The female has a pre-ovipositional period of a 
week or ten days. Egg deposition appears to 
cover a peri dd from late May to mid-July 
Information 1s limited as to the exact location a 

deposited in the orchards. <A few have been 
nd within mature black scales, but it 1s doubt- 
that this is a preferred situation. Based on 
observers countries, 
laboratory experience, the 
snakefly may be 
pesited under loose bark and cracks of wooed, 
‘Itering material, and under mature 
soft scales. From observations in the field, 3t 
would appear that the major portion of egg- 
hatching occurs in June 

When the foregoing chronotogic al observations 
are considered, it appears to be demonstrated 
that a complete generation of this raphidix 
place in the peri d of a single vear in Southern 
California. 


April 


eceurs during 
, ” 


much as = or 3 


reports of earlier in other 
and on the present 
indications are that 


eggs de- 


porous she 


takes 


REARING EQUIPMENT 


were at first con- 


The exploratory rearings 
smali glass vials, 


ducted by placing the insects in 
and recording periodically the observations made 
through the side »of the vial. This method made 
critical decisions difficult at ti iring 
set-up was devised that proved to be 
satisfactory. 

A cylindrical section was cut from the stem of 
1 semi-woody shrub, whose axial core was pithy. 
The pith was removed and the section was split 
lengthwise, leaving hollow half-cylinders (fig. 16). 
The length of this unit was made somewhat 
shorter than the inside diameter of the vial. The 
surfaces, made in splitting, were painted light], 
with adhesive, and the device was installed on the 
inside base of the vial, glued edges down, leaving 
enough space at one end for aceess te the shelter 
thus formed. . 

It was found that the raphidiid larva 
tively utilized this cell for its headquarters. By 
merely looking through the bottom of the vial, 
the insect and other contents could be observed 
easily. A single insect was used in each vial. 
At the time of each inspection, the old food and 
could be removed by inverting and 
necessary, the larva, ‘or a 


nes, and a Te 
highly 


instine- 


excrement 
tapping the vial. If 
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al merica 


east skin could be removed by the 
wo carned further. 


samc pre ESS, 


MORPHOLOGY 
The Ege 

The (fig. 19) of the present 
snakefly 1s banana-shaped, and of a pale-lemon 
color. Normally the shell appears smooth, but 
when cleared and viewed with transmitted light, 
it is indistinctly punctate. The 
micropvle protrudes as a prominent dome-shaped 
A measured series of eggs averaged 1.72 
length. The female, whose ovipositer ts 
as her bods . often 
half inch or more int 
packed very 
box In the re: 
ovipesited 


egy species of 


seen to be 


mm. in 
nearly 
to a depth of one- 
able material. Eggs are 
together, like eigars in a 
work, it was found that 
readily in ragged Eucalyptus bark, and im split 


ends of twigs 


: 
as long inserts the egg 
»> the surt- 
: 
closely 
ining 


temales 


The Larve 


Virst Instar. The first instar 
a rather unspecialized nature 
pale, excepting the head which 
beginning of pigmentation. All 
present, but are greatly reduced in size, as if 
weakly functional. The mandibles are largely 
hidden under the other mouthparts. The three 
thoracic } well detined The first 
five abdominal segments are e sube ‘qual and similar 
the last five segments taper eaudad N a 
is visible on any of the mail The legs are 
short .and stubby; the 
with no indication of the lobes which occur on 
the third segment of the adult The ti 
of the tarsus (fig. 7) bears a pair of The 
antennae (fig. 12) are short, ted, 
the last three subcylindrice al. The 
eyes are reduced to a pigmented blotch, close 
behind the base of the antenna A series of first 
instar larvae, 24 hours old, averaged 2.28 mm 
in length. None was ever seen to feed, and thev 
did not increase noticeably in size 

Second Instar. A series of second instar larvae, 
when 2 davs old, averaged 2.30 mm. in length, 
and when 4 davs old, averaged 2.90 mm. This 
closely resembles the first instar; the legs 
have lengthened slightly, the pigment has deep- 
ened a little—both in the head and the other 
body segments. The mandibles are now 
visable. 


larva (fig. 4) 1s of 
It is universally 
shows a weak 


mouthparts are 


segments are 
: 


tarsus ts unsegmented, 


tarsus 
cere 
stout, 4-segime 


segments are 


stage 


} “Pee 
clearly 


EXPLANATION OF PLATE I 


of maturing larva 
small 


hew the 


Dorsal view 
abdominal segments of a 
Agulla (to be studied later showmy 
pattern differs from the present specie: 
Fic. 3.—The ambulatory proces 
larva. 
Fie 


Fic. 1 
Fic. 2 Six spectes of 
dorsal 
al tip of the 


son eaud 


Dorsal view of the first larval inst 
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structural 


succeed 


Instars. Only minor 
the larval stages 
include body growth, tn- 
‘legs and antennae, 

(fig 9). 


ocellt 


anter 


Succeeding 
changes occult 
one *an ] 
and 
situated 
nae, now become 
noticeable as a group of 6 or 7 lenticular organs. 
T ‘gument of the larva inereases in tough- 

‘he pigment, especially of the head and 
pre thorax has darkened, and by the 7th or Sth 
instar (fig. 1) the mesothorax and metathorax now 

a hivesasadinn and two lateral whitish 
abdominal segments have a con- 

stripe dorso-medially. The larval 
include the labial palpus, 
maxillae, and labrum. The 
‘maxillary galea 1s of interest. 
there 
each bulbous at its mid- 


crease 
addit i 
behin« 


Stripes ; all 
tinuous white 
mouthparts (fig. 6) 


ligula, mandibles, 
basal segment of the 
in that on its inner 


about 9 setae, 


face occurs a comblike 
series of 
point (fi g. 5). 

A larval structure of much interest 1s the ambu- 
latory the caudal tip of the last 
segment It soft pads 
This organ 1s of 
moverncnts. a 
f when 


fast 
smoot h, 


organ (fig. 3) ¢ 
rosette of 
value to the larva in its 
effectively as a hold- 
has oceasion to si ‘i 
surface. Also, the well known 
larvae to change anne’ lv from 
ee fee kward travel, 1s due in ne small 
part to the ambulatory rosette 

Average measurements of various larval instars 
were as follows: 4th, 3.78 mm.; 6th, 6.50 mm 
7th, 8.06 mm.;: = Oth, 11.28 mm.; 
10th, 12.19 mm.; I1th, 15.00 mm. Mature 
larvae collecte di in orchards during the aestivating 
24 mm. in length. 


eonsist S one a 
great 
functions 


insect 


» 
) 
»- 
» 


15. mm 


period, averaged 23 
The Pre-Pupa 

At maturity the larva assumes a peculiar pos- 
ure, with the head, and usually the three thoracic 
curled downward and backward, with 
he mouthparts almost touching the venter of 
the abdomen (fig. 15). Otherwise, the pre-pupa 
differs little from the mature larva. 


Seyi 


gments, 
tne 


The Quiescent Pupa 


As interpreted by ‘Snodgrass (1954), the pup 
is of a relatively generalized nature, and may be 
considered an unfinished adult. 

Following the molting.of the pre-pupa, the 
pupa’s body (fig. 14) remains in the same curled 
position as that of the preceedin g stage. . This 1s 
an inactive stage. The 2nd and 3rd se gments of 
the forelegs are ‘‘jack-knived”’ upward, ther ndown- 
ward: the third legs are extended. 
The body has changed to a more dusky color. 
The whitish wing pads lie elose to the body, 
extending caudad to the 5th abodminal segment. 
In the female pupa, the ovipositor is bent upward 
and forward to the body, extendin ig about 
to the fourth abdomina ‘h 


1 segment. he e 
now well developed as a large, black, lenticular 


second and 


close 
eve 1s 


Vol. 5 


Amertea 


The antennae are of the ault form lon 
filiform, with about 55 se gments, exter ding Dix 
ward almost to the prothroax; the first 4 or 
segments are of a fuscous-amber color. The head 
is somewhat pale. The pupa. bears -a 
resemblance to the adult. 

The 

Usually, about 24 hours prior te — et 
ef the adult, the pupa enters a 
where it becomes active. The eats ic 
the legs become functional and presents much of 
the adult appearance. The mobility of this stage 
is for the assumed purpose of finding a proper 
situation for the final eedvsis. 

The 
names “st! and “rubbe 
applied to the Tay yhiduds, 
tortuous crawling 
because of the 
necklike prothorax 
of the - adult (figs 22 and 24) 
series of adults averaged 21.4 
head to tip of wings 

The Head The 


horizontal 


cise. 


Active Pu pa 


us 
iis, 


tdult 
C he 


neck’ 


common 
have been 
tormer igor ot the 
larva, the latter 


*)) the no 
? it lor ig, 
y 


grotesque 


nents ol 


head, normally 
, is almost black, subevlindri 
what compressed dorso-ventralls 

Basally the head has a short, 
1. imperfectly iatnneke The m 
usually 3-toothed. The antenn 
threadlike; the first fi 
the remain Y 
The eyes are | 
Iv below 


of sutures 


131 
HKe 


seetior 
bles are strong, 
are long and 
are rufous-amber in color, 
become progressively darker 
and conspicuous, each placed lateral 
The uppe 


with the color pattern as shown 


segymen 


base of the antenna r surface 


head often 
figure 23 

The Thorax. The prothorax ts tubular, about 
as long as head. The 
saddlelike, carried downward 
, with the ventral 
The pronotum (fig 31) 
behind. The torelegs are borne 
The aa iX an d metathorax are 
being short, ringlike, deep, each with a spiracle 
anterolateral 5 


pronotum ts) elongate, 
ever the pleural 
entirely tree 
is darkest above and 


ventro-caudalls 


regions margins 


much alike, 


1} 
a 
ie. 


PLATE Il 


LARVA 


EXPLANATION OF 


STRUCTURAL PEATURES on THt 


Fie. 5.—Manillary palpu 

Fic. 6 Ventral view of 
mature larva 

Fic. 7.—Tip of tarsus of an early instar. 

Fic. 8S Dorsal view of the man dible 

Fie. 0 Group of ocell: near base of ant 
dorsally 

Fic. 10.—Antenna of a late instar 

Fic. 11.—Dorsal view of the head appendages of the 
first instar larva (to be compared with fig. 6 

Fie. 12.—-Antenna of the first instar 


and maxillary galea 
the head appendages of 


nna, Viewed 








Puan WI 


The inactive staye of the pupa 





and McGregor 


rrarelea @ arper fer 


Fic By 


eeell used wt reart gy tl 


teral View of the pre Pupre Fie: 17 
y sna Fic. 18 
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eo grarye feuds $ 
of eggs, deposited int 
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» S-segmented; the femur and tibia 


ibular:; the tarsus (figs. 26 and 30) 
with a pair of claws termin a 
is strongly bilobed; segment IV 
reduced 
forewing (fig 


length, considerably longer tl in most species 
gulla. The is fully 6 
as wide, r two eross- 


Carpenter, 


pterostigma times as 
ntaining either one o 


a mentioned by 


similar to the 


the 


We tt 
is rougnis 


The 
lorewlng, 


- ndwing (fig. 21) 


except certain differences in 


tor 
ven ation. 

The Abdomen. Fe 
state that the reoperation 
eleventh may be 
In the 


rris and Pennebaker (1939) 
is 1l-segmented, but their 
process ot the tenth 
the abdomen 1s 


1 ngth somewhat 


nerely 
present age sub- 

tapering 
han half as long 


} 
i 
* 

I 


eaudad, 
as 
laterally on each 
ments. -The evipositor 1s 
body eaudad of the prothor 
The terminal abdomin 


Oy 


abou 


) has been descr 
nd Pennebaker 


; ; 
the homology 


a 


the st 
Carpent 


covered 


are 


enclosed within 
ye 


parameres (hg 


"specific reeognition 


BEHAVIOR HABITS 


Larve 


instar the larva is quite helpless. 


Its somewhat glutinous integument makes travel 
difficult, and movement 1s restricted to a sort of 
tumbling ead The individuals tend to live 
‘ In subsequent instars, larvae 

very In seeking food thev chew a 
variety as wood, bark, 
and may tunnel inte porous bark, much as ter- 


clusters. 
motile 
of substances, such cork, 
mites do. 

Few insects are more agile than the later stages 
of snakeflies, and few are more rugged. Equipped 
with the ambulatory rosette eaudally, which 
enables quick backward or forward movement: 
a tough integument, stout legs and jaws, they are 
powerful antagonists. Though at first timid if 
disturbed, they battle wildly when opposed in 
quarters, and often survive after suffering 
serious body mutilations 

The larvae prefer a semi-arid environment, and 
may succumb if exposed to continuing wet condi- 
tions. However, one larva completely submerged 
for 9 hours recovered and lived to 


close 


in watet 


_be the case nm or ha is 


Imerica 


naturits In efforts t 


mrs Rhine have st 
to ether, chloroefor: 


erchards their 


reduced by standard applications 


irvived considerable 


< n, and hvdroevani 
; ee } 
I numbers have been « 


phosophates or oil sprays 
tenacity of the present species 
food Habits 


— food habits of ray 


The literature has few references 


As stated 


: 

* >» ?) * 

HACK HEURIC ThAVe 
¢ 


hes 


’ . } . Toe : 
ys and crawiers of 
: 
invae,. and 
arvae, and 
3 
this diet In 
a6 
loubtless more 


ty 


- food in 

earried to 
however, 
This 


laboratory 


have been « 
the orchards, IS ¢ 


diversitied is supported 
the fact that 
somewhat dw 
tor growth to 


s 


assumption 


arted, and 
laturity 
as 


— 
1@ abundance of snakeflies in orch 


l 
with black 
th: it 
plex ot 

as Well 


. 
scale may 

: 

such orchards usual 

s, spiders, an 

" . 
dew and fur 


‘ eyaee? 
av constitt 


insect 
ais hone. 
: 

° 


presumably. m 


t 
W hen ‘ 


} 


to devour 
“injured. The exposed 
actor evercenin 
larvae 
t, shells 
own species 
have apparently existed tor 
Eucalyptus bark 
sick i partly 
feeding by rap 
rate amount ‘ane 
1s alowed by a period ot 
to stupor, which may 


duration. 


as Scavengers 


Kecdvsts of the Larva 


In the 
sutures in the exoskeleton pli 
may be better understood by 
maturing larva (fig. 1) with the Wlustrat 
east skin (fig. 13). In figure !, certain lines may 
be seen forming a “Y" on the top of the head, 


the stem of the “Y" continuing backward on the 


pre w'eSS Of vf 


+ @hige 
aringy the 


10on of the 


comp 


pronotum In the process of c¢ dvsis, considering 
enly the head: and prothorax, the e 
splits at the suture between the head and pre 
thorax, and along the lines of the “Y" 
along the sides of the submentum. As 


frees itself, the old “shell” of the 


Ris 
xoskeleton 


» as well as 
the new 


he sad 


instar 
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A metatl 


Fie. 20 
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forward 180°, pivoting at the front region 
This procedure ts followed 
The molting of the remainder 


her similar te that of many ether 


The Adult 


lergence ot the ault is relatively rapid, 
hour. It then 
ith its mealy wings drooping until they 
dry and clear. The adult snakefly 
food, and no belligers nev 3s 

the larva, it 

e adult 


short 


‘ing trom a few minutes to an 
Soot) 


does not 
to fly 


The 


llv seen in orchards erawling about 


appears 


distances 


the outer, tender eitrus foliage. where aphids 
are common at that time 

Other workers, Lyle (1913) tor example, have 

adult 

attested  t 


writers. On 


commented on the eombativeness oft 


This 


he experience ol the 


raphidiids characteristic 1s : 
present 
one occasion where males and females were ¢con- 
fined together for breeding, a female killed three 
iles and, in turn, died from injuries 
sustained attitude toward. one another 
is in marked contrast with their preving habits, 
which are limited to very small or injured forms 
he females of <Agulla bractea ight 
than the males, and seem to outnum! 
was never observed, even 
n both sexes were confined together. During 
fecundity the abdomen becomes greatly distended, 
three times its normal size. In 
studies the longevity of adults was 
to one and one-half months, 


record of twa and 


successive mi 


Such an 


- «7 
are Si 


Copulation 


two 

current 
normally from one 
with a maximun 


months 


ene-half 


LIFE HISTORY 


ie of the publication et Carpenter's 
revision, almost nothing was known of the life- 
history and general biology of the Nearctic snake- 
Campion (1915) kept adults under obser- 
and molting, but his success 
evidently was very limited. As mentioned pre- 
following the preliminary observations 
in 1955, serious rearing tests were begun in 1956 
The data obtained from these studies are pre- 


sented in the following pages 


flies 


o 


vation for feeding 


viously, 


Ovi position 


production t2 Table I 
were started in June, 1956, under laboratory con- 


records on 


The 


egg 
ditions at Pasadena, Calif. It will be seen that 
the maximum number per female was 792, the 
minimum was 174, and the average number of 
eggs per female was 463. The percentage of 
non-hatching eggs was high, considering all eggs 
observed. In some lots none hatched; in other 
lots a rather high percentage hatched. 
where noted, copulation was not observed, even 


As else- 


In the 
manv 


when every opportunity was atferded 
was 
eggs were crowded into as 
malformed, and a 
lls. The data might suggest tha 

> conditions in the field, female could 
upward te SOO or on ges. - E 


temales 1, 


act of ovipositing it noted that so 


space, that 
became 
mere sh 
tavorab 


depe sift 


re 
} 
it 


deposition by 


eevered periods of 7, 6, and d weeks, respec 


- TABLE 1 


Reeorp or Boos rer Pears 


Fevare Ne Baron Ne New Beesin Barou Poors 
12s 
Tle 
2s 
Jha 
ol 
Tite 


as iS . o> as 
de ed 


sper Female 


Ireubation 


in Table I], the 
to ll davs, with 


From an analvsis of the data 


mncubation period varied from 


an average of 9.5 davs 


Larval Stages 
interval between examinations of 
the reared larvae, in the majority of cases, was 
about a week or slightly more, it 1s obvious that 
the day starting, and the dav terminating a given 
nstar could each have been missed by a 
more. The date when no cast skin was found in 
a particular vial, is not included tin Table II 
However, the orginal notes have been evaluated 
to assist in determining the length of an ; 
for each larva, with a minimum of error 


Since the 


day or 


nstat 


FXPLANATION OF PLATE VI 
STRUCTURAL Features or turn Apoit 
A lateral view of the 
Dorsal wtew of 
Lateral! 


Fie 
Pie 
Fie 
Fie 
Pie. 26 


ete whe 


totter 


The five tar > 

Fic. 27 The toothlike tipo 

Fic. 28.—Antennal seyment larged 

Fic. 20.-—-A sample pattern of the minute spines whieh 
eceur throughout the surface of the paramere 

Fic. 30.—-Four terminal thee 
ventral 

Fic. ¢ 

Fic. 3 
male 


ne h tT pre ogre ories 
segments of tarsus 


Dorsal view of the prothorax 
Lateral view of the last five segments of the 
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Il 


INCUBATION AND LARVAL STAGES or Aga 
1956-1957 


Din Dan 


EGGs 


DATI 
EGGS 


DEPOSITED 


eboronrones 
ereryeryen 


three larvae molted 


10 times: 


As revealed in Table IT, 
11 times; 50 percent molted and only 
IS percent had not completed a tenth molt. 
The mortality among all larvae studied approxi- 


ated 10 percent. 


TABLE It 


DuRaTION oF INCUBATION AND LARVAL STAGES 


Rana WerrcHtep AVERAGE 
9.5 davs 
1.0 

1 3.5 
1 10 
l: 49 

1 9° 
l 
li 
2: 


13 days 


10: 
10 
16 
ov 23 
70 i] 
2-H 05 


from a few heurs te one dav. 

On the basis of the rearing tests, the hfe of the 
first instar 1s from a few hours to one day; of the 
2nd instar, 3 to 4 days; the larval periods of the 
3rd to 7th instars, inclusive, averaged close -to 
10 di Lys. Following the 7th instar, the de ‘velop- 
mental periods became progressively longer, as 
the overwintering period was approac hed. The 
duration of the 9th instar averaged 23 davs; the 
10th instar, 41 days; and the 11th instar averaged 
65 days. 


NUCCESSIVE 


HAtTcHt , on 8rd bth 


Moutines Were First Dietreren 


ork lott bith 
11-25 
lou 
7 18 


4 aT) 57 
10-8 
lo wo 


1-25 
1o-le 
118 
wou 

9-24 


A point of much interest concerns the status of 
the larvae following early September, when indi- 
viduals reared mm the laboratory are compared 
with those in the orchards. At that time in the 
field, larvae have matured, and seek places tor 
overwintering. By late April the following vear, 
they enter the prepupal stage, and by early Mas 
they are entering the true pupal phase Later in 
May adults are emerging in the orchards. With 
those held under room temperatures, however, 
they continue im the larval and a few 
molted as late as mid-May. At this time tn the 
orchards thev are, as above stated, emerging as 
adults 

From examinations of individuals at mtervals 
during the winter months in the field, where 
freezing conditions, and rains, oceur at times, 1 
is obvious that true hibernation oeceurs. Under 
laboratory conditions such low temperatures were 
lacking. It appears to be indicated that hiber- 
nation 1s necessary to condition the 
for the performance of their normal life-history 

In order to complete the record of the complete 
life-history evele of the snakefly, 
sarv to utilize data that had been obtained from 
material collected as larvae and pre-pupae during 
the late winter of 1956. These individuals were 
carried to maturity tin the laboratory, and their 
devel pment paralleled that of eorrespr mnding 
stages in the orchards. These data are presented 


in Table IV. 


stage, 


snakethes 


it became neces- 


Vhe Pre-Pupa 
The time of the beginning of the pre-pupal 
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Porn Stack | Purau Sracke Or Apu 


April < | K Mav 21 May 2: 


“ 21 
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-—- ee 
ee 
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se 


focshs os 


coe 
o- 
oe 


re to ne ee 
ome ome mee OS ee ee ee wee ee es ee we ee 


i ried Wear les than one das 
stage varied from April 21 to Mav 6; its termina- 
tion date varied from Mav 1 to Mav 16. The 
length ef the pre-pupal period averaged 12.6 davs 


13 the rearing tests 


The Quiescent Pupa 
As explamed earher, the pupal pertod ts divide 
into a strictly quiescent stadium, and a 
stage of short duration, shortly precedin 


to the adult. This immobile stage 


davs, 
The Active Pupa 
The time of beginning of the active pupal REFERENCES ¢ 
varied from May. 21 to June 2; its termination Campion, H. 1915. Some obsery 


ranged from May 21 to June 2.) The duration istory of snakefites. Ent. Month 
of this stage varied from a few hours to two davs, Carpenter, F. 0 M. 1936. Reviston 
ae ; i Raphidiodae (recer 1 
averaging one day Arts Sci. 71(2) tae 
With the reared material, the dates of the — Ferris, G. F., and Phyllis Pennebaker. 1939 
emergence of the adults ranged from May 21 to } len idnixna (Hagen). (Neuropter 
June 2. As explained earher, the itmago Raphidtidae).  Microentomology 4(5): 121-42 
* . . % A le - * ar ites « 12 ote 
briefly until its wings untold, dry, and become Lyle, CG. ha Piet ee: eee ae 
clear, when it begins its search for food. The — gnodgrass, R. E. 1954. Insect metamorphosis 
reared adults usually have lived from one to one contain Mise. Cell, 122(9): 108, 109 
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NEW PUBLICATIONS 


Index XV to the Literature of American Economic Entomology, 1955, and the 
12th Edition of the Pest Control Directorv, Entoma, 1957-1958 are now availabl 


Ole 


All entomologists need these publications tor ready reference. 





A REVIEW OF LITERATURE ON CALCIUM AND 


MAGNESIUM 


EDGAR W 


IN INSECTS 


CLARK! 


Entomology Research Division, Agr. Res. Serv., U.S.D.A? 


Calcium and magnesium play important roles 
in the diet, physiological function, and inter- 
metabolism of An increasing 
has been shown in this subject and a 
large amount of literature has accumulated. It 
is the purpose of this paper te present a review of 
this literature. 


mediary insects. - 
‘ 


interest 


GENERAL ROLE IN ANIMAL CELLS 


Calcium and magnesium are important con- 
stituents of all living matter and are present in 
living cells. Excellent reviews regarding 
them will be found in books by Heilbrunn (1943), 
Hober (1945), and Kleiner (1945). However, a 
brief summary of the role played by these two 
elements in animals is given here. 

In general, ealcium and magnesium are essential 
for maintenance of cellular physiological balance, 
the stability of intercellular matrices, normal 


most 


permeability of cells and tissues, and the normal 
ivity of the neuromuscular system. 


1 
I 
( 


1 
activi 
Calcium 1s probably the most influential poly- 
‘nt ion found in the living cell (Heilbrunn 1943, 
Hober 1945). Without calcium present sodium, 
potassium, and magnesium (especially the mono- 
valent normal concentrations very 
toxic to the eell; calcium is essential in offsetting 
their injurious effects. The calcium ion apparentls 
xert ‘ 
than any other ion. The stiffening of plasmagel in 
the amoeba is caused by calcium (Heilbrunn and 
Daugherty 1932). In cells small quantities of 
calcium decrease the viscosity of the interior 
protoplasm; and, conversely, an abundance of 
calcium eauses a gelling reaction. Magnesium 
bring about this 
fluidity of protoplasm, but not to the degree nor 
with the ease of calcium. This gelling reaction 
is thought by Heilbrunn and others to be of 
great importance in many vital phenomena, 
especially in the response of protoplasm to stimu- 
‘lation. For example, stimulation of an amoeba 
causes a release of calcium in the cortex, with a 
consequent gelling of the interior which may be 
a partial explanation for the shortening process 
in the amoeba. 

The gelling action of ealcium is important 


-_] 
1 


ions) in are 


S a greater effect on protoplasmic Viscosity 


in low-;eoncentration ean also 


'The author acknowledges with thanks the assistance 
given by John Belkin, of the University of California at 
Los Angeles, in constructively eriticizing this paper. 

Accepted for publication August 22, 1957. 

2Only the present approved binomial insect names are 
found herein, and the author thanks Dr. P. W. Oman and 
his staff in tl tntomology Research Division, ARS, 
USDA, for verifying these names. 


exteriorly also, for the cells tend to separate when 
it 1s absent in the intercellular matrix Cells are 
normally held together by a cementing substance 
which has the character of a weak acid. This 
substance forms rather .insoluble calerum) salts 
which, in the absence of calcium ton in the 
bathing solution, dissociate and are transformed 
into softer and less resistant sodium salts such as 
pectates and pre temnates. (Hoéber 1945). 

Calcium is the most important 10n prese 
the cell for the maintenance of the semiperme- 
ability of the plasma membrane. Both calerum 
and magnesium decrease cellular permeability; 
and, although magnesium can replace cale1um ta 
some degree, 1t cannot do so altogether (Heibrunn 
1943, Hober 1945). 

In the blood of mammals there seems to be a 
definite concentration of tonite calcium. If this 
concentration falls, the nervous system becomes 


hyperirritable 


7 
nt iti 


and in extreme cases this fall mav 
lead to tetany. Locke (1894) and Overton (1904) 
have shown that a nerve-muscle preparation 
loses its indirect excitability after being trans- 
ferred from Ringer's solution inte a normal saline 
solution and regains its activity after the addition 
of calcium. Locke believed that the absence of 
ealcium interrupts the pathway of the impulse at 
the mvoneural junction and that there 
ealcium-containing “cement bridge” allowing the 
conduction wave to travel across the synapse 123 
some stage of the reversible loosening or tighten 
ing of the cement 

When a nerve is stimulated, there 
of calcium from the immediate area of stimulation 
and an accumulation in other parts of. the nerve. 
The greatest effect of a change in the caletum 
concentration of the medium bathing the nerves 
is a change in excitabilitv. Thus an increase im 
ealcium tons raises and a decrease lowers the 
threshold of excitability. Loeb (1901) found 
that lowering the calcium level causes nerves to 
become more excitable and _ fire spontaneously. 
Arvanitaki (1939, 1942) and Brink ef al. (1946) 
found that citrate ions induce local oscillations of 
electrical potential which may cause long trains 
of propagated impulses in crustaceans and squid 
axons. The effect citrate and other anions 
can be assumed to be caused by the binding and, 
therefore, lowering of free calcium. Brink ef al. 
(1946) also found that spontaneous firing tn a 
decalcified nerve ts increased by cathodal polar- 
ization and decreased by anodal polarization. 
Hodgkin (1951), using the work of Brink ef al. 
for an example, made the statement that **The 
stabilizing effect of an increase in external ealerum 
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gation of Sargus cuprarius (L.), he found that 
Is 


the dry weight of he ‘body is calcium 

ate located in the integument and _ that 

to Sins seine? ef the integument is calcium 

ate. Vaney (1900) found that the integu- 

is greatly strengthened by the deposition ot 
calcium carbonate. 

Kriper (1930) examined eleven genera of 
stratiomyid larvae and found that calcium 
bonate was deposited in nodules with a canal 
through the center connecting with a duct in the 
cuticle. He found that psychodid larvae such as 
Pericoma have only their spines ealcified with an 
amorphous deposit. Wiesman (1938) found gran- 
ular calcium oe in the puparium of 
Rhagoletis cerasi (LL 

No worker has yet made elear the mechanism 
of calcium deposition Keaner noted that the 
psychoidid larvae dwell in calcium-rich springs 
(168-225 mg./liter), and that this calcium is the 
source for the calcification process. Richards 
(1951) suggested that the nodules Kriper ob- 
served in the stratiomyids are formed by carbon 
dioxide diffusing outwards into calcium-rich 
water. Wiesman (1938) noted that calcium 1s 
transported from the Malpighian tubules of the 
larvae of Rhagoletis to the cuticle before its 
separation from the epidermal cells and remains 
in the cuticle after its transformation into the 
puparium. 

Richards (1955) found that the cuticle of 
Sarcophaga bullata Parker contains, by drv 
weight, 0.005 percent of calcium and 0.047 per- 
cent of magnesium. He found that the 
epicuticle contains higher concentrations of ash 
components than the procuticle or its derivatives. 


percent ot 
arbon 1 
( 


care 


also 


FAT BODIES 


(1897) observed calcospherites in 
the hypertrophied cells of larvae and pupae of 
Phytomyza atricornis Meig. These intracellular 
pellets at times exceed 200 microns in diameter, 
and there are up to 60 of them in the fat body. 
They seem to accumulate with age, for the pupae 
contain many more than the larvae. During the 
histolysis in the pupa they are set free and dis- 
solve, and are absent in the adult. Keilin (1921) 
found that calcospherites are very prominent in 
Agromyzidae, lying in alveolar spaces formed 
among the fat cells, and that they dissolve and 
are used to strengthen the walls of the puparium. 
These spherites are not present in the embryo or 
when the insect hatches, but appear after a short 
period of feeding. He noted that 
spherites are common in the special cells associ- 
ated. with the fat bodies of phytoph igous Diptera. 
Henneguy (1897) found calcium oxalate ervstals 
in the fat bodies of Phytomyza, as did Maillot and 
Lambert (1902) in silkworms. Marchal (1890) 
observed calcium trate in fat bodies of Osmia. 
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Many investigators have reported finding 
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cium salts in the Malpighian tubules of inseets 
These salts are produced in the lumen, but little 
is known regarding the method of their formation 
The reason tor their formation ts also unknown, 
but it has been assumed that it is sim ply a method 
of getting rid of excess calet1um assimilated from 
the food (Licent 1912, Roubaud 1913, Pant 

1914, Kraper 1930). 

The calcium salts commonly found in this site 
are the carbonate, oxalate, phosphate, and urate 
Calcium carbonate is found most frequently, and 
generally appears as a milky 
amorphous granules up to 3.5 microns in diam- 
eter. This suspe the tubules a 
milkv-white color and, being easilv observable, 
has undoubtedly been the reason for so many 
reports. These granules have been observed in 
great abundance in many dipterous larvae: By 
Lvyonnet (1832), who observed that the larvae of 
Ptychoptera possess two milky-white vessels run- 
ning the —— of their bodv; by Batell: (1879) 
in Tubifera; by Vaneyv (1900) in ite dilations 
of the anterior Malpighian tubules of Stratiomys 
larvae; by Roubaud (1913) in the 
Auchmeromyia; by Pantel (1898, 
parasitic larvae of the tachinid group and we 
two of the five large sachke tubules of larval 
ptvchopterids; by Schutte (1921) in Hydromyzea; 
by Keilin (1921) in a large number of dipterous 
larvae causing larged tubules; by Eastham 

(1925) in oe and Drosophila, who noted 
th it the epithelial tissue is thin and no striated 
borders are present at the calcium level; by 
Miller (1925) in Sargus; bs tence (1926) in the 
distal half of the two anterior tubules of stratio 
myids and syrphids; by Waterhouse (1950) im 
anterior region in Lucilia cuprina (Wied.) 
Poulson and Bowen (1952) stated that there was 
a rapid transfer of calcium 1 a a ym the tissues 
to the storage areas of the Malpighian tubules of 
larval Drosophila repleta, and King and Rubinson 
(1957) found that calcium was rapidly trans- 
ferred to and stored in the terminal portions of 
the anterior tubules of adult D. melanogaster 
Meig. 

The Malpighian tubules of the larvae of a few: 
coleopterans contain calcium carbonate (Mavet 
1896, 1919, Stammer 1934). Mavet 
(1896), Beeson (1919), and Schumacher (1921) 
found that many wood-burrowing cerambyeid 
beetles (Cerambyx) accumulate calcium carbonate 
in four long tubules towards the end of the feeding 
period, and this accumulation combined with a 
silky gummy secretion 1s used to form an oper- 
culum to close the pupal cell. Some species even 
line their cell walls with this e., 
Aeolesthes sarta (Solskv) (Schumacher 1921). 
This mixture undoubtedly offers protection 
against natural enemies such as insect predators, 
fungi, and desiccation. De Sinetv (1900, 1901) 
and Pantel (1919a, b) found calcium carbonate 
in the tubules of caterpillars. Ratte (1SS4) 
noted that the cercopid Pivelus forms an ornate 
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TABLE 1!—(Coentinued 


Staci Carcime MacGsnesium 
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Anabrus simplex Hald 
Dytiscus marginalis 1.. 


ry 3 
fivdrophilus piceus (1. 


> D> DPD es mee es es es 
~_ aa oe es 


Periplaneta americana (1. 
whole haemolymph 60 gm/ky DW 


serum only O4 gm/ke WW 


3mM/1 
71 mg; 
6 mp, 
mM /1 


Wu ul my 
542 yl 

102 

65S ul 


>. 


156 ult 
OS ul 
100 4 


151 ul/meg 


on 
o3s2 
O21 
on 
-~f ’ a 


170 wl/mg 
71 ul/mg¢ 
131 l/r 


218 l/s 


trigulosus Mant 

ta kirby: Hungertord 
f atus (Dall 
a amertcana i 


, » 2 
utfornica Pack 


tefica Grote 


PaaS SS e>,— > 


gispinus 
2492 yl/me 
S19 x 
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os oe 


infestans (Klug 
mma neotomae Neiva 
phvllosoma 
267 5 


>> Soe 
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142 wl/my 


on ' 
orld galt 


. 
- 


Aeshna sp 0 mEq 
A pamea sordens (Hutnagel ; I mEq 
Cossus cossus I. ; 7 mEq 
Libellula sp , 0 mEq 
Palomena virtdissima (Poda AD& L 5 mEq 
Pieris rapae (1 & 0 mEq 
Sphiny ligustri L L 5 mEq 
Timarcha tenebricosa (F AD&L 2 mEq 
Timarcha tenebricosa (F & } mEq 
Chortophaga viridifa 10 myt; 
(DeG 

Culex stigmato 
Culex tarsali 


2.01 ul/me WW 
S6 al/me WW 7 ul/mye WW 


Blaberus atropos (Sto 20.2 mg /100gm WW 5.7 mg /100em WW 
Periplaneta americana ve} mg/l00gm WW / W.5 myg/100em WW 
Periplaneta australasiae (¥. my /l00gem WW ny 100em WW 
Periplaneta amerteana {1.. Ad mg /100gm WW 3.5 mg /100gm WW 

Ny ng/l00gm WW 2.5 my /l00gm WW 


iye.nymph: P, pupa; DW, dry ht; Tl wet wetght 
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atroparvus also has a detinite ovipesitional prefer- 
ence for water containing a small amount (1) 1000) 
of calcium sulfate (Bates 1940) 

De Meillon et al. (1948) found that bed bugs 
(Cimewx lectularius 1.) fed on rabbits with a high 
calcium diet or on rabbit: blood enriched with 
calcium lactate developed an abnormally large 
blood volume. Thev postulated that the ecal- 
ei1um interfered with normal water excretion, 
upsetting the water equilibrium 


effects of sodium, potassium, and magnesium, 
which could have a_ definite part in this 
phenomenon. 

Trager (1936) found that the larvae of Aedes 
aegypit (L.) require the calcium ton (0.005M 
calcium chloride) in the rearing water to have 
normal growth. This is true whether or not 
sodium, .potassium, and magnesium chlorides are 
present. Woodhill (1936), experimenting with 
1. concolor (Taylor), found that the calcium ion 


TABLE II 


MISCELLANEOUS CALCIUM AND MAGNESIUM ANALYSES OF INSEETS* 


DATE 


1827 


INVESTIGATOR 


nry and Bonastre 


INSECT 


Whole Insect 
Calendra sj 


CALciuM 


pre 


MaGNesiom 


ent 


ent 


Bombyx mort (L. 
Bombyx mori (L.) 
Bombyx mort (lL. 
Melolontha sp 


1834 
1852 
1867 
1876 
IS7S 
1886 cubl Cantharidae 

1889 : Melolontha sp. 
1899 
1904 


, ae aie ‘ 
Kunckel d'Herculais 
Slowtzoft 


Melolontha sp 
normal 


starved 


Anabrus simplex Hald 
A pis mellifera 1.. 
Melanoplus s p 
Lepidoderma sp 
Chironomus sp. 
Odonata sp. 

Stalis sp. 


1909 Schroeder 

1911 | Aronssohn 

1917 | McHargue 

1923 Jar IS 

1934 | Birge and Juday 


1949 | Chauvin 
Blaps lethifera (Marsh 


1835 | Hornung and Bles 
Bombyx mort (L. 


1852 Pelige t 
1909 | Schroeder 
1949 | Chauvin 


» Ova 


Ova 
larvae 
1957 | King and Rubinsen 
head 
thorax 
legs 
wings 
gut 
reproductive system 
Malpighian tubules 
abdominal residue 
liquid residue 


Schistocerca parenensts { Burm “esent 7 


Anabrus simplex Hald., « 
Schistocerca paranensts (Burm. 


pre: 
9 3°5A 
S 48°, A 
8 419 


Melanoplus spretus (Walsh 3.26% . BS.5IGA 


9 76%A 
13. 41%A 


97°A 
OB4O, FW 
SOCLA 
11% FW 


3160¢,FW 
6OCA 
203°, FW 
OO3OO FW 11 FW 

36 myg/gm WW 99 mg/ gm WW 
2535, DW 235° A DW 

27% TW 
390° TW 
84% TW 
166, 7TW 


ve 
OO, 


Schistocerca paranensts (Burm. + O1Ee TW 


Parts of Inseets 


ent 


1%A 


via ; 1) a a 


ooo TW 
02°, TW 


Drosophila melanogaster Metg. 165 ppm WW 


16 ppm WW 
3 ppm WW 
t ppm WW 
9 ppm WW 
9 ppm WW 
1 ppm WW 
18 O ppm WW 
10. 9 ppm WW 
58 Y ppm WW 


te 
Fwe 


“= 
msn ee 
a 


‘A, ash; DW, dry weight: FW. fresh weight: WW. wet wetght: TW, total weight. 


is needed to counteract the sodium in a solution 
simulating sea water, but if the concentration 1s 
too great (i.e., 28.2 grams per liter), no mosquitoes 
emerge; he stated that the ealium- and sodium- 
ion concentrations should have the same propor- 


tions as in sea water. Bates (1939), working 
with various Albanian anopheline mosquitoes, 
found that all need some ealcium, varying from 
just a trace in Anopheles atroparvus Van Thiel to 
a great amount in A. superpictus Grassi. A. 


Thompson (1938), experimenting with the 
action of electrolytes on the lateral body-wall 
movements of grasshopper embryos, obtained 
several interesting results. He found that the 
duration of movement in an isotonic solution of 
alkali ions varies in the order Na>Li>Cs>Rhb 
>K and in the alkaline-earth minerals Mg and 
Ca>Sr>Ba. The rate of movement ts accelerated 
by alkalies in the order Li<Na<Cs<K<Rb 
and depressed by the alkaline earths Ca> Mg> 
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were females. These were mostly from two nests 
but other nests corroborated the preponderance 
This is in sharp contrast te social 
workers) of, 


29 were classified as having mandibles slightly 
worn, except for a few which were considered to 
have unworn mandibles en October 9. From of males 
November 11 to December 21 all mandibles were Halictidae where females {including 
classified as well worn to very much worn. Of course exceed males in numbers. 
course, the new generation appearing after The ovaries were still slender (with longest 
February 9 had unworn mandibles. Wing wear oocyte .4 mm. long) in one female on September 
of course also increased during the season although 21 (figure 3); 1n another they were swollen (with 

few individuals had unworn wings as late as longest oocyte 1.4mm. long). (Eggs as found on 
November 25. The most worn wings observed the pollen balls are nearly 2.5 mm. long). From 
had lost about half of their apical margins. By October 9 to 29, ovaries of 24 bees were examined. 
November 11 it was noted that appreciable With the exception of one bee which for some 
amounts ot pale pubescence had worn ott the bees reason had slender ovaries, all had Swe Wen ovaries, 
so that they looked much blacker than when with the longest oocyte varying from 1.2 to 2.2 
fresh. By this date also considerable mortality mm., and with an oocyte nearly as large as the 
had occurred, and at each subsequent visit fewer tn.most of the ovaroles, so that (there 
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Diagram showing seasonal activities of Pseudagapostemon divaricatus (Vachal). 
Broken lines represent periods or stages passed entirely in the nest. 


A few moldy or other 


Fic. 8. 


bees were seen in the nesting area until the 
appearance of the new generation. 

Probably all females normally mate. About 
20 whose spermathecae were examined between 
September 21 and December 21 all had sperm 
cells in the spermathecae. Two females of the 
new generation examined on February 9 had 
empty spermathecae; of twelve examined Feb- 
ruary 19, eight lacked sperm cells, four had al- 
ready mated. Twelve examined from March 4 
to May 13 all had mated. 

In this connection, the sex ratio is a matter of 
interest. Of 222 pupae and young adults removed 
from cells before any bees had left their cells but 


after all larvae had pupated, 137 were males, 89° 


being 6 evarioles) there were 4 or 5 large oocytes 
present in each bee (figure 4). On November 11, 
12, and Zo, ve were dissected. <All had 
swollen ovaries, but few had more than 2 or 3 
large oocytes; two had such oocytes irregular in 
shape; six had transulucent or yellowish areas in 
the ovaries (after fixation in Kahle’s solution) in 
contrast to the opaque white ovaries of vounger 
females after fixation; several had only 
normal looking oocyte developing among the six 
evarioles. Such bees were collecting pollen and 
presumably in some laving eggs, but 
obviously the ovaries were showing the effects of 
age. Of the three bees dissected on December 21, 
all had somewhat enlarged and amorphous looking 
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result 
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sometimes 

to hibernate and te rear 
their brood the following vear. We did note a 
tendency for new burrows made in the late sum- 
mer to be concentrated in an excavation that we 
had made earlier when digging some nests in 
spring and early summer. A similar tendency 
to start new nests in preexisting cavities or depres- 
sions in- the banks was noted in other bees (e.g 
Lonchopria, Thygater; see Michener and Lange, 
1957, 1958), but such depressions, while account- 
ing for minor of abundance within nest 
aggregations, do not account for the aggregations 
themselves 


Not only does 1. « 


arwmMerous nests from 
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tendency of the voung 
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enter the existing burrows. The same explana- 
tion is given by Claude-Joseph (1926) for the 
occupancy of nests of Paragapostemon mutabilis 
by several females. 

Advantages of communal nests: We have de- 
veloped some ideas as to the advantages that may 
accrue to groups of females occunv'ng a single 
nest Obviously, there is burrow 
digging. ; 

Probably more important, there is greater pro- 
tection provided from the small mutillids that 
are common on the banks, and perhaps from 
other natural enemies. Although all the females 
of P. divaricatus presumably make and provision 
there being no evidence of workers or 


saving 1n 


1 
cells, 
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a guard, even when the individual seems not to 
be otherwise occupied; hence one would expect 
them to be successfully parasitized more tre- 
quently. Selection, therefore, ought to favor life 
in groups. Unfortunately we do not have enough 
data on success of cells in nests made by a single 
bee and in those occupied by semisocial groups 
to prove or disprove the importance of this type 
of selection 

Observations of Day to Day Activities: Our 
observations on day to dav activities were made 
one that contained about IS bees It 
was observed at frequent intervals over the period 
from October 11. to November 11, and was 
excavated on November 12. Our only way to 


on nest 


TABLE It 


NUMBER OF TRIPS PER Hour Mapt 


DATE AND 
HOURS Ot 
OBSERVA 

TION 2.8 hd 2 


Ger, 11 Oct. 16 Oct. 23 


Bet 
BB ONP 
BG 
BR 
BY 
GG 
GB 


ONP 
0 NP 


OP 
ONP 
ONP 


OP 
P ONP 
aP 
5 P 


2.0P 


Pp 0 NP 
P 2.0 NP 
ONP 


‘J OP 5 NP 


BY MarKED Brrs From Onn Nest* 


Oct. 27 


Nov. 6-8 Nov. 11 | Duc Nov. 12¢ 


6P 
SP 
2P 


16P 


or 
0P 


6P 
SP 3 NP 
oP ar 
§.P 3P 
6P 
i NP 
2P 


32 1ONP 


*P means the bee returned with a pollen load; NP means returned with no pollen; lack 
such a notation indicated that we do not know whether the bee carried a pollen load or 


not. At least two additional unmarked bees were present 

‘The high minimum figures in this column (and to a degree in t 
short period of observation during favorable weather on this 
sufficient to give 
hour of observation; in reality the bee might ha 
in this column indicates that the bee was found 


tions short A single record of a bee was 

one 
‘A symbol ‘'+" 

excavated by us 


workerlike individuals, one or another of the 
nest occupants usually has her head plugging the 
nest entrance during the greater part of the day. 
When other bees of the colony come or go, the 
guard backs into the burrow, where its diameter 
is larger, to allow for passage. When disturbed 
with a piece of grass, the guard usually withdraws 
into the nest, but once or twice we were able to 
elicit the reaction, very common in some halictids 
le.g., Lasioglossum (Chloralictus) stultum (Cres- 
son)], of turning and plugging the entrance hole 
with the abdomen. On two or three occasions 
we have seen the guard repulse small mutillids. 
Nests occupied by a single individual never have 


October 

he next) result from the 
date. (Rain eut our observa 
a figure of 1.0 when there was only 
working much more slowly 
nest was 


in this nest in 
: 
1 


ve been 


when the 


get an idea of digging activity within the nest 
during this period was to observe the tumulus of 


loose dirt at the nest entrance. At each visit 
we blew away the tumulus. We observed new 
earth, indicating digging, on half of the davs 
when we visited the nest, up to November 8. 
It is our impression that most of the dirt was 
pushed out in late afternoons or at might. Sixteen 
of the bees in this nest were marked for individual 
recognition by means of colored *‘Dope” paints 
as described by Michener, Cross, Dalv, Retten- 
meyer, and Wille (1955). Most were marked on 
October .10 but four more were marked on the 
first day of observations, October 11, and one | 
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the ovaries which appear at the same % 

These developments do not imply cessation ot 
reproductive activity, for as shown in Table IT, 
RG and RY were collecting pollen on November 
11; the following dav both were found to have 


. 
4 


very much worn mandibles, worn wings, and ons 
a single large oocevte per ovary 

Table Il also shows that different bees work 
with verv different speeds at different times 
For example. YB was working rapidly on October 
16 and 23, slowly on October Il and 27, 1n con 


= nih 


trast to others The: data are Jperhaps ne 
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flights occurred at higher temperatures, and we 
have records of intense activity with sun tempera- 
tures in the range from 25° to 32° C. On some 
however, when-conditions seemed to us 
very few bees were in flight. We observed 
flights from 8:20 A.M. to 4:15 P.M. Because 
mornings and evenings are usually cool and rain 
is frequent, these hours in themselves mean very 
little 

The bees that guard the entrances seem to be 
individuals that are earrying on other activities 
in the nest at the time. For example, 
the bee marked YG was seen acting as a guard at 
8:33 a.m. and was identified at the entrance 
several times between that time and the time 
1 she left at 9:19. It was like a long period 
n with false before the bee 

left the 1 This bee made rs ‘n col- 
s trips until rain stepped activity; she made 
return at 1:31 p.m. During this ‘ieee she 
brought at five lo: ‘ds of pollen, and did not act as 
a guard at all, requiring only a few moments to 
leave sa at the beginnit lg of each trip. As 
as YG made her first trip, she was replaced 
by another guard (unidentified). The next day 
the weather was cool and cloudy, with a little rain, 
until about 11:00 a.m. No bees were visible 
during this time. At 11:00 am., with the 
weather becoming more settled and the tempera- 
ture at about 20° C.. YG appeared as a guard, 
but at 11:20 RG was identified at the entrance as 
a guard. YG was back again at 11:21 and 
continued as guard until she left the nest at 11:40, 
although RG had left previously (11:31). Another 
bee (RB or RY) immediately replaced YG as 
guard whet (11:40); probably the same 
bee remained as guard until 1:20 when RY left 
on a pollen collecting trip, her only one of the day 
RG made a trip later in the day. The 
mechanism that provides for guards almost con- 
tinually from among working bees 1s not obvious 
but it does function effectively. It is difficult to 
re data on the details of the entrance guc ird 
situation because marked for identification 
on thorax and abdomen, are difficult to recognize 
when only the head is visible at the nest entrance. 

Claude-Joseph’s (1926) impression of the guard- 
ing activities of Paragapostemon mutabilis was that 
the ‘‘guards’’ were merely bees awaiting a favor- 
able moment to leave the nest. The long periods 
of such activity with Pseudagapostemon divaricatus 
more complex behavior. Whenever 
another bee approaches the nest entrance to enter 
or to leave, the guard backs into the nest, away 
from the constricted aperture, to let the other 
bee pass. 

Nest construction and structure: As indicated 
earlier, the fertilized females make new burrows 
or enter old ones in February or March. On 
February 19 the burrows were 3 to 15 cm. deep, 
simple, or if occupied by several bees, had one or 
two branches. On March 4 we dug a nest 
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occupied by three bees: it was a simple burrow, 
the inner 1.5.em. of which was separated by loose 
dirt from the rest of the burrow and 
apparently the hibernation chamber tor one of 
the bees (figure 6). On Mav 13 a nest occupied 
by many bees was dug. Except for two or three 
bees in the main are yw, all were in hibernation 
chambers | to 3 em., usually under 2 em., long, 
often inclined, ik separated from the main bur- 
row by earth plugs (figure 7). Bees that enter 
old burrows make similar hibernation chambers 
or short lateral burrows, not utilizing the 
burrows of the previous season. Fertilized temales 
pass the winter in these nests im a torpid condi- 
tion, at least most of them isolated from the matt 
burrow: the latter 1s wide to the outside 
It is interesting that Augochloropsis and Laste- 
glossum (Chlorolictus) often fly when exposed at 
the same winter temperatures, but Pseudaga- 
postemon remain quiet 

The single nest opened on September 21 (early 
spring) was in the same condition except that the 
bees had opened their hibernation chambers and 
to feed. By October 9 the lateral winter 
chambers had been extended to form kk lateral 
burrows 12 to 15 em ending in a cell 
Each of these laterals was probably 
different usION 
Claude-Joseph (1926) working with 


The 


Was 


lateral 


open 


gone out 


long, each 
{figure S) 
made bv a 
reached by 
Paragapostemon mutabilis 

males in the nest at this stage alwavs corresponds 
roughly (perhaps exactly) with the numl 
lateral burrows (@¥cluding short laterals perhaps 
dug in obtaiming to line the burrows and 
cells).’ Nests in habited by a single female have 
only one lateral burrow ending in a cell (figure 9) 
By October 29 additional cells were being con- 
structed by enlarging the lateral burrows proximal 
to the first cell. Later four or five er even seven 
cells were found in the 


lateral burrows (figure 10) 
and branches often develop. Moreover, in 
dug late in the (eg. 


‘ 3 7 q 
memaic, a CoONnel etisee 


number of fe- 
ver of 


soil 
t 
I 


nests 
November 12), the 
youngest cells, those being provisioned or con- 
taining eggs, were usually not the proximal cells 
in typical series but were in new, often short, 
lateral burrows evidently constructed at = this 
season by the surviving bees. The imber 
of laterals at the end of the season much exceeds 
the number of bees that constructed the nest, 
although early in the number of 
laterals equaled the number of bees. Lateral 
burrows are filled with earth after the cells are 
completed. Perhaps the earth comes from new 
laterals. 

A nest excavated on January 21 contained 100 
cells arranged in 36 series of 1 to 5 (average 2.8) 
cells per series. Most of the 
one sex only. Only 7 of the series contained both 
sexes. No generalization is obvious concerning 
the arrangement of the sexes 1n these mixed series 
Considering only unmixed series, the 20’ series of 


males average 2.75 cells per series while the 9 


SCaSOTL 


total nt 


season the 


series consisted of 
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average 2.96 cells per series, 
the most likely theory to explain this 
the sexes 1s that each female 
her lateral burrow and 
fertilized, female producing eggs, 
unfertilized, 


series of males 
Probably 
arrangement of 
usually - completes first 
supplies it with 
the a second lateral in which 
male producing eggs are placed 
This explanation is partially based on the fact 
vy Hymenoptera whose cells are 
y fertilized eggs in the first cells provisioned, 
unfertilized eggs in later cells of the 
ee queens my unfertilized eggs 
as shown by Kerr (1948). 
7 ‘he situation 1s quite different in Paragapostemon 
mutabilis in which there is usually an alternation 
of males and females in the cells of each lateral 
‘btrrow (Claude-Joseph, 1926). 
Measurements and details of various parts of 
nests are as follows (averages in_ pare 
followed by the number of items measured): 


n digs 


In series 


same series. 


series of. 


ntheses, 


The depth of the main burrow (in a straight line) 
This burrow usually 
then 


5tojimm 
lies 


is 35 te 71 em. (52 em., 9) 
bank for a few centimeters, 

directly downward. It 1s 4 
ber, the lining smooth and apparer 


slopes into the 
goes more 
diame 
constructed ef earth from ether parts of the nest 
by’ the The entranee ts ‘constricted to 3.5 
r 4mm diameter. If it ts destroved, a new 
constriction is made. The main burrow 
has two or rarely three principal branches and 
asional short branehes. The laterals in which 

‘ structed range from 4 to 17 em. (11.9 
., 23) in length. Their diameters range from 
te 4.5 mm.. and their entrances, where thev 
with the main burrow, are constricted 
diameter (figure 13). In view of the 
laterals are believed to be tl 
various fem 


constricted entrances 


y 
bees 


often 
are con 


mnect 
to 3 mm. in 
fact that the 
independent nests of the 
interesting that they have 
like truly independent nests. 

The cells are horizontal or 
with waxlike material, 11 to 
diameter, about 3.25 mm. in diameter 
the neck. The pollen ball is very nearly 
te 3.7 mm. high, 4.4 to 4.6 mm. 
- egg is white, nearly 2.5 mm. long, 


r tapered toward the postenor end. 


1@ Semi- 


ales, it is 


sik ype sl if light! . lined 
12 mm. long, 6 to 


é mm. in 


Pseudagapostemon perzonatus (Cockerell) 

The biology ef this species is similar to that of 
P. dit The following account 1s parallel 
to that of and mentions only dif- 
which we have no infor- 
mation for perzonatus. Matters not mentioned 
below can be assumed te be as in divaricatus. 

Seasonal history: We have no early spring data 
on this species, as we found the first 
October 16, 1955; it eontained completed but 
empty cells. On October 29 many of the 
contained eggs but a few small larvae and one 
half grown larva were also found; on November 
cell with an egg was found; 


aricatus. 
divaricatus, 


ferences and topics on 
nest on 


cells 


22 a single on 
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December 21 most of the cells contained mature 
larvae but a few with pupae and one with an egg 
were found. The last worn females of the 
parental generation were found in their burrows on 
the same dav. On January 13, 1956, (three weeks 
ahead of divartcatus) males and a female of the 
new generation were seen in flight around the 
banks. Both sexes had been seen about flowers 
of Nicotiana (the prineipal pollen of this 
bee) on January 7. As late as February 9 some 
adults of the new generation were still in th 
cells in a cool bank continuously shaded by 
overhang. Males were never observed pouncing 
females around the bank, as with divart- 
catus, and we that may occur 
near the flowers visited by this bee. Males were 
sometimes found during bad weather or in the 
late afternoon in small burrows 2 to 4 em. deep, 
probably dug by other insects. No adults were 
n flight around the banks after March 11 
Females (fertilized) could, however, be found im 
burrows where thev doubtless passe do the winter 
Aging and Ovary Development During the Sea- 
sons: Worn -mandibles,° tattered) wings, and 
reduced number of large oocvtes were not evi- 
dent on October 4 but were stroking features of 
ted after November 2 tle 
were collected for dissection between 
Three out of four females collected on 
13 had already mated 
We have 
numerous dissections in perzonatus , 
worth which may indicate 
pers ae us and « 
the erop of the 
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source 
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Agegregative Behavior: We observed cons 
tion new burrow of this species in 
late summer; individuals of the new generation 
mostly hibernated tn burrows made by the pre- 
ceding generation. This mav well be true of 
divaricatus also. From the existence of old cells 
among new ones, we know that the nests 
used for more than one vear. 

The number of females per nest ranged from 
1 to 6, the average number 1 nests judged 
to contain their full complit nent of bees being: 
only 3 

Observations of Day to Day Activities: We have 
no observations of this sort for personatus, except 
that, as in divaricatus, nests occupied by a single 
female never guarded while nests occupied by 
seve ‘ral females usual ly have the head of a guard 
in the entrance during warm parts of the day. 

Nest construction and structure: Females pass 
the winter in hibernation chambers similar toe 
those of divaricatus or in the main burrows of the 
nest. 

The nest structure 1s more confusing than that 
of divaricatus since it is difficult to draw a clear 
distinction between the main burrow and the 


umber: of 


truce 


of only one 


are 


nm seve? 


are 2 
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female each. One of them had only a single 
empty cell, the other two cells, both with eggs 
The female in each nest had much worn mandibles, 
tattered wings, and ovaries with only one | 
eoevte each. | It seems possible that these were 
second nests of these bees, made after thes had 
already done some work elsewhere. They might 


irge 
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have been made by bees which escaped trom a he two spectes of 


nest which we dug earlier in the same area. On have basically 
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single generation per vear, but there are two 
flight periods each year, one in late summer 
when both sexes are present, the other in spring 
and early summer when only females can be 
found. Adults emerge from pupae in late sum- 
mer, fly, visit flowers (but do not eat pollen), 
mate, and the females enter nests (old or new) 
in banks where they hibernate. The males die. 
Although some of the females hibernate singly, 
most enter holes started by others so that nests 
occupied by several females are usual. . In the 
spring the females (at least of P. divaricatus) go 
to flowers, eat pollen, and at more or less the 
same time their ovaries enlarge. They also ex- 
pand the hibernation quarters by constructing 
lateral burrows, each of which is eventually filled 
with cells in series, end to end (although sometimes 
with considerable distance between them). It is 
unusual for a halictid to place cells end to end in 
series. . 

The last adults of this generation die in mid- 
summer, shortly before the appearance of the 
first adults of the new generation. The number 
of lateral burrows in a nest in spring, and of cells 
being constructed or filled, 1s, we believe, equal 
to the number of bees 1n the nest. Virtually all 
the females are mated and to judge by the condi- 
tion of their ovaries, lay eggs at the same time. 
For these reasons we believe that there is clearly 
no worker caste nor division of labor and that 
pri ybably each female makes her own lateral bur- 
row and cells. Later they make more lateral 
burrows, for the number of laterals increases 
during the season with no increase in the number 
of adult bees. Since the bees emerging from any 
one cell series are usually all of one sex, (at least 
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‘in divaricatus}, we think it hkelv that each female 
makes a series of female producing cells and later 
one or more series of male producing cells, thus 
accounting for the inerease in) number of 
lateral burrows observed in nests of divaricatus as 
the advances. The. number of males 
produced greatly exceeds the number of females, 
at least in divaricatus 
The nests are guarded during much of the dav 
during the spring and early summer period ot 
activity by one or another of the occupants. We 
have seen mutillids repulsed by the guards and 
judge that protection may be a major advantage 
of communal nesting : 
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GROWTH AND FEEDING BEHAVIOR OF LARVAE OF CTENICERA 
AERIPENNIS DESTRUCTOR (BROWN) (COLEOPTERA:ELATERIDAE)}. 
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EFFECTS OF STERILIZED FLAX SEED AND STERILIZED SOIL! 
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Crop Insect Section, Entomology Laboratory. Saskatoon, Saskatchewan 


The effects of sterilized and of unsterilized 
foods on the rate of development of larvae of 
Melanotus longulus Lec. and of Limonius calt- 
fornicus (Mann.) were studied by Stone (1942). 
He suggested that certain vitamins in lima beans 
and in wheat necessary for growth of these larvae 
were destroyed by boiling. Lipke and Fraenkel 


(1955) eliminated the toxic factor in corn germ . 


for larvae of Tenebrio molitor L. by autoclaving 
whole ground corn at 15 p.s.. for 30 minutes. 
A previous study (Davis, 1957) showed that 
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flax seed allowed medium-sized and large larvae 
ot Clenicera aeripennis destructor (Brown) to gain 
considerable weight 

This ts a report on the effects of autoclaving 
flax seed and of sterilizing soil upon growth and 
feeding behavior of these larvae. 


MATERIALS AND METHODS 


Larvae, collected in the autumn, were maine . 
tained in moist soil in an unheated building 
throughout the winter. The jars of larvae were 
transferred to a household refrigerator shortly 
before this study was begun.. After the soil had 
thawed, viable specimens of the desired size were 


selected. Medium-sized larvae weighed 0.40 te 
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15.7 my. and averaged 5.9 mg.; large, 20.3 to unstertlized t 

100.9 mg. and averaged 30.8 mg arge larvae 
The preparation of soil and vials, the numbers — fi unsterilt 

ef larvae and replicates, and 

perature and humidity were 

previous investigations (Davis, 1957, 1958) except 

when sterilized flax seed and aseptic larvae were 

required. Flax seed was sterilized by autocl 

tat 15 psa. fer 20 minutes. Each weighed 

larva was made external 


wn 1: 1000 aqueous solution 0 


C. a. destruct FEEDING AND MOLTING With UNSTERILIZED OR STERILIZED FLAN SEED As 
STERILIZED SOUL AND REGRESSION COEFFICIENTS BETWEEN INCIDENCE oF ft 


Avervce WEEKkLy PeRrcentaces (ANGULAR TRANSFORMATIONS) OF SURVIVING MeprusteStzep anp Laroe Larvat 
. | 


DOD IN UNSTERILIZED ¢ 


' 
“EEDING AND INCIDENCE OF MOLTING 


MieproseSizem Lanvat sARGE LARVAD 
REARING Conpitions 
Molting Coe 


34 7581 
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TABLE It 


AVERAGE CHANGES IN WerGit in MinuiGkams per Minus oe [Near WerGit anp 
PERCENTAGES (ANGULAR TRANSFORMATIONS) OF MEDIUM-SIZED AND LARGE LARVAE 
Cia. destructor SURVIVING ON UNSTERILIZED AND ON STERILIZED PLAN SEED IN 
UN STERILIZED AND IN STERILIZED Son 


MeptustSizen Lakvat LARGE LARVAL 
Ri vnkine Conpirtons 


terilized : 
Sterilized fia 
asrste rilizes 


: 
eterilizged 
erilizeg 


Ne food 
unsterilizes 


* 
sterilized 


: . 2 . o6 * ° 
Difference for styntheanee at 3°) level 


for 2 minutes, followed by two rinst 
distilled water. To determine the ef 
organisms on development, larv 
were reared without flax seed in 

Weekly records were kept for 30 weeks a: 
previous investigation (Davis, 1957), an 
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medium-sized larvae fed during the week after 
that of molting under all rearing conditions. 
During the week of molting, 14 and 1 percent 
of the larvae of this size fed on unsterilized flax in 
unsterilized and sterilized soil, respectively. On 
sterilized flax, 17 and 3 pércent of them fed during 
this week. 

Thirty-eight percent of the large larvae fed 
during the week before that of molting when 
they were reared on unsterilized flax in unsteri- 
lized soil. Only 7 percent of larvae of this size fed 
during this period when flax or soil, or both, were 
sterilized. Approximately 35 percént of the large 
larvae fed on unsterilized flax in both types of 
soil during the week after that of molting; how- 
ever, on sterilized flax, 23 percent fed in unsteri- 
lized soil and 46 percent in sterilized soil 
percent of the large larvae fed during the week 
ecdysis ; 

The intermolt period varied from less than 1 to 
20 weeks for medium-sized larvae and from 1 to 
more than 30 weeks for large larvae. the average 
duration being 5 and 9 weeks, respectively. For 
medium-sized larvae in unsterilized soil, this 
period was 2 weeks shorter than in sterilized soil. 
It was 1 week shorter for large larvae except when 
unsterilized flax was fed. 

Medium-sized larvae reared on sterilized flax 


in sterilized soil gained more weight than those on - 


unsterilized flax (Table IT) However, on steri- 
lized flax in unsterilized soil, they gained only as 
much as on unsterilized flax. Large larvae on 
sterilized flax in sterilized soil gained more weight 
than those on sterilized or unsterilized flax in 
unsterilized soil. Medium-sized and large larvae 
without food each lost the same amount of weight 
in the two types of soil. coe a 

Medium-sized larvae survived better on un- 
sterilized flax in sterilized than in unsterilized 
soil (Table II). On sterilized flax, they survived 
as well in one soil as in the ether. When no food 
was provided, the larvae survived no better in 
unsterilized than in sterilized soil. None of the 
10° medium-sized larvae survived after 30 weeks 
in unsterilized soil without food, the last survivor 
dying during the twenty-ninth week. Onlv one 
larva survived after 30 weeks in sterilized . soil 
without food. In both eases, only one quarter 
of the initial number of larvae were alive in the 
fifteenth week of the investigation. 


Large larvae survived better on sterilized flax’ 


in sterilized soil than on unsterilized flax. On 
unsterilized flax, they survived only as well as 
when no food was supplied. Under the various 
feeding conditions, sterilized soil did not cause a 
change in survival for larvae of this size. 


DISCUSSION 


Sterilizing flax seed may have made it less 
attractive to the larvae. or changed its chemical 


components to such an extent as to make some . 


factor or factors more readily available to the 
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Jarvae of these sizes 


[Ve Ol 


larvae. ‘This would account for the lower inct- 
dence of feeding of larvae of both sizes and tor 
the favorable gain in weight of medium-sized | 
larvae on sterilized flax. It 
for the more or less stable level of incidence of 
molting or for differences in survival of larvae otf 
both sizes. It also fails to explain why large 
larvae gained as much weight on unsterilized as 
on sterilized flax seed 

Sterilizing the soil, 1 itself, had no effect on 
the larvae. Because the meidence of molting, the 
change in weight, and the survival were the 
same in unsterilized and in sterilized soil without 
food, it seems unlikely that soil micro-organisms 
supplied anything of nutritional value to the 
larvae or were detrimental to their development 

The growth and the survival of these larvae 
were undoubtedly affected by interaction 
of sterilized flax and sterilized soil. However, 
from the present data it is impossible to explain 


does not account 


some 


_the results obtained 


Because sterilized flax seed allowed larger gains 
in weight than unsterilized flax seed for medium. - 
sized larvae, and because such a result was not 
obtained for large larvae, there 1s apparentls some 
difference wn the’ nutritional requirements of 
Much more precise work 
would have to be undertaken to determine what 
these differences mav be ' 


SUMMARY 


Medium-sized and large larvae of Coa. destruc- 
tor were reared during a 30-week period on 
unsterilized and in sterilized sei] with unstertlhzed 
or sterilized flax seed, or without food. Medium- 
sized larvae fed less on sterilized than on unstert- 
lized flax and gained most weight on it. Large 


. larvae fed less on sterilized flax in sterilized sot} 


than on unsterilized flax in sterilized soil. In 
terms of gain in weight, they were not atfected by 
sterilization of flax or soil alone, but they gained 
most weight when sterilized flax was provided in 
sterilized soil. Larvae without food molted and 
survived equally well in unsterilized and in stert- 
lized soil: Thev-also lost an equal amount of 
weight. under these rearing conditions. It is 
suggested that sterilizing flax imereased the 
nutritional value’ of the seed for medium-sized 
larvae. Sterilizing the removed neither - 
nutritional nor deleterious factors from the diet 
of the larvae. However, sterilizing both the 
flax seed and the soil increased the development 
rate of larvae of this species. The results of this 
study indicated that there may be some nutrt- 
tional difference between larvae of different size 


soul 


. groups. 
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PAPER CHROMATOGRAPHIC ANALYSIS OF CERTAIN PROTEIN 
CONSTITUENTS FROM THE HOUSE FLY, MUSCA DOMESTICA LINNAEUS 


(DIPTERA, MUSCIDAE; 


Paper chromatogra 
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tnvestigated the free ami 
a number of insects. © Hadron an 
studied certain protems present in mutant spect 
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Pron 1 Teal 
en useful in difi 
of taxonomic groups that are morpho- 
indistinet. For example, Micks (1954) 
chromatography ‘in a study ot the 
‘ulex pipiens complex 
March and Lewallen (1956) found a number of 
biochemical differences existing between strains 
of the house fly, Musca domestica Linnaeus, that 
ippeared to be correlated with geographical dis- 
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later be worked out for related taxonomic groups; 
especially, phylogenetic relationships may be 
sowed or disproved by the presence, absence, or 
combinations of certain 


peptides. 
METHODS AND MATERIALS 


The laboratory strain of the house fly, 
domestica’ Linnaeus, reared at the University of 
California Citrus Experiment Station, Riverside, 
was chosen to provide the proteinacéous sub- 
for biochemical study since this animal 
reared easily in large numbers, and paper 
chromatographic techniques have been previously 

wolied to this species (Marcl 1. and Lewallen, 
1956). 

The paper chromatograms of 
body fluids of house flies were prepared from 
whole flies, and it is conceivable that not only 
simple proteins and peptides might be present in 
the extracts, but conjugated proteins as well. It 
seemed beyond the scope of this study to attempt 
an exact determination of each constituent, there- 
fore, this investigation was limited to a study of 
the free amino acids hberated by acid hydrolysis 
of the peptide moiety in those constituents which 
may actually be conjugated proteins. Also, no 
attempt was made to identify the isomers of the 
amino acids liberated by acid hydrolysis. 

The chemical nature of nine ninhydrin-positive 
were studied qualitatively. In the 
original work on the ninhydrin-positive pattern 
of the laboratory strain house fly, only seven 
ninhydrin-positive areas were reported (March 
and Lewallen, 1956). This was due to the fact 
that the papers used in the original investigation 
were streaked only with the supernatant 
liquid from fly homoger while the papers 
this st tudy were triple streaked in order 
to get a fairly large quantity of each constituent 
to work with. This would appear to indicate 
that the constituents that seemed te be missing 
in the original studies were actually oe but 
in such small amounts that they could not be 
detected. The importance of keeping the amounts 
of material applied to paper chromatograms as 
constant as possible when making comparisons, 
especially between species, is pointed out by this 


Stances 


oe n be 


fresh tissues and 


constituents 


once 
1ates, 


used in 


evidence. 

Quantitative differences have: been 
the constituents from mosquitoes in the Culex 
pipiens complex (Micks, 1954), although these 
differences were not measured exactingly. Ap- 
parently, quantitative differences in closely related 
groups may be an important criterion for dif- 
ferentiation, but a more exacting measurement 
of the differences seems desirable than can be 
co merely by direct observation and 
comparison. 

Newly emerged, unfed, adult female house 
flies reared from a-modified C.S.M.A. medium*® 
were anesthetized with carbon dioxide gas by the 


nnals Entomological Society of 


free antino acids: and: 


a a. 


a pencil line was turned uy 
was drawn 
.with a small tip opening, and the 


noted in: 
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America 
method Williams (1946): one hundred 
(about 2 grams) were then placed in a: 
em. pyrex test tube to which 2 ml. of dist 
water was added, then the flies were comp! 
macerated in the tube with an all-glass grinding 
rod that fitted into the tube with a slight amount 
of play. Power to turn the grinding rod was 
supplied by a small electric motor mounted on a 
ring stand. This apparatus ts commonly reterred 
to as a Potter-Elveyjem homogenizer 

Although there appears to be no difference 1 
chromatographic patterns with regard to 
the house fly, fem used since in 
general their size tends to be more uniform an 
they are slightly larger than the male 
the quantitative factors could be maimti 
a more tant level for each batch ot 
pared as homogetr 

Each homogenate preparation (100 ground thes) 
was centrifuged at 1,000 times gravity for five 
minutes. After centrifugation, the supernatant 
liquid was strained through two lavers 
cloth to remove superfluous material (scum) on 
the surface, and collected in a sm: 
This procedure vielded about 
colored extract 

Pieces of Whatman No. 1 filter pape 
into squares 22 x 22 ¢m. and a penetl 
drawn 2 em. from the edge of three sides 
placing material on the papers, the edge without 

permost. The extract 

1 pipette 
material was 
PTavity 
the 
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only iles were 


; 
cons Hes pres 


lates 


ot oh ene 


iss beaker 


nl ot 


nto a Zz a serologica 


up 
allowed to flow slowly and rhe by 
onto the paper as the pipette was moved trom 
left side to the right side margin along the bottom 
guide line. The resulting streak of material was 
about 180 mm. long x 3mm. wide. Each paper 
was streaked over the same area three times, 
allowing the material to dry for 15 minutes each 
time between streakings. All fresh tissue extracts 
were applied immediately after preparation 

Streaked papers after completion were allowed 
to dry completely at room: temperature for at 
least 12 hours, and were then stapled into evlin : Ts 
by drawing the side margins-close together but 
not quite allowing them to touch 

The developing solvent for paper chromate 
gr phic separation of the extract was composed 
of 2 parts of n- -propanol to Ll part of I per cent 
aqueous ammonia (Buzzati-Traverso, 1953). The 
temperature during development of the chromato- 
grams was maintained at 18.0 degrees centigrade, 
this temperature being maintained tor all other 
chromatograms developed in this study. 
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medium was modified: as follows: Each 
jar used for house fly rearing contained tl followi Ing 
well-mixed ingredients: 12.5 ml. concentrate ‘d diamalt, 
30 g. dried brewer's yeast, 240 g. milled, red wheat bran, 
80 g. alfalfa meal, and 597.5 ml. water. Approximately 
1500 eggs were seeded in each jar 
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1 0.2 per cent 
alcohol te which 5.0 per ce: itive 
was added just betore 
raverso, 1953). After the ninhv 
pattern had developed, the 
led up to the original juncture otf 

i lines corresponding to s were 
drawn across between the fluorescent areas pre- 
viously outlined. After all nine ef the ninh 
positive bands were thus delimited, the vario 
constituents were separated for individual stu 
by cutting out with = sectssors the outlined 
regions containing the matertals.. About 
trom each side of these filter paper strips was 

nmed away to help aveid contamination trom 

thboring constituents , 

‘he material was eluted from each strip with — pared 
ON hvdrochlorie acid as follows. Two or three chromatogram 
strips at a time were placed together and one end 

tapered to a point with setssors. About 
of the opposite end was inserted betwe 


two glass microscope slides, and the slides were 


inclined at an angle by resting on the edge of a 
em. petri dish filled with O.IN hydrochloric acid 
Capillary action pulled the solvent between the 
slides and into the filter paper strips, which hung 
vertically. The solvent travelled down the 


strips and was collected in a small test: tube 


placed beneath the paper point. This procedure 

was modified after the method of Dent (1947). pleted bv: 
In about fifteen to thirty minutes the paper copper sulfat 

strips were removed and the eluate concentrated as a 0.1 ml 

by evaporating away excess water with an air aqueous 

stream. The eluates from 10) chromatograms comparison 
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pale, bluish-green eolor developed with the eluates 
instead of the violet which is supposed to be 
rs al of peptides. In all eases, the eluate color 
liffered from the pale blue of the water blanks, 
or the violet of the glutathione solution. Al- 
though the Biuret did vield what ts 
considered to be a typical color reaction, as will 
be shown later, many of these constituents appear 
to be simple peptides. 

The material that remained after ae 
the Biuret test was hydrolyzed with 1 drop of 
GN hydrochloric acid at 100 degrees centigrade 
for six hours and the resulting hydrolyzate was 
spotted on filter paper strips as well as on two- 
way chromatogram sheets; the strips were devel- 
oped in the same manner as previously described 
for the eluate. All hydrolyzates were applied 
to the paper with a drop applicator that will be 
described later. Two-way chromatograms were 
developed in the same manner as will be described 
later for standard chromatograms. After spray- 
ing, the resulting isatin and ninhydrin spots were 
compared with standard chromatograms pre- 
pared from commerical amino acids’. 


test not 


PREPARATION OF STANDARD AMINO 
ACID CHROMATOGRAMS 

prepared from 1.0. per 

the 


idards were 
este volume aqueous 
mino acids, except for eystine and 
which were dissolved in 6N hydrochloric acid 
Ten micrograms of each amino acid was placed 
on geparate paper strips by means of a one-fourth 
cubic centimeter tuberculin syringe fitted with a 
27-garige hypodermic needle with the point 
ground off flat; the needle was bent down at 90 
degrees from the .base. The syringe was held 
horizontally in a wooden block to which a modi- 
fied micrometer was mounted that was arranged 
to advance the plunger so that 1.0 cubic milli- 
meter (approximately 1! lambda) of solution was 
delivered with each five-thousandths inch turn of 
the barrel, thus one cubic millimeter of a 1.0 per 
cent solution would deposit 10 micrograms on the 
paper. This type of equipment has been used 
extensively for appIving measured drops of insec- 
ticides to house flies {March & Metealf, 1949). 
One-way ascending chromatograms were devel- 
oped with n-propanol-NH, in the same manner 
as previously described for ‘the eluates and 
hydrolyzates. In some instances, similar Ry 
_vdlues and color reactions with both isatin and 
ninhydrin resulted with one-way chromatography 
thereby making positive identification difficult. 
Six one-way chromatograms were’ prepared of 
the standard amino acids. three being spraved 
with ninhydrin-collidine, and three with isatin. 
As a further aid in differentiation, two-way 
chromatograms were prepared. This was accom- 
plished by placing 10 micrograms of amino acid ona 
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22 x 22 em. sheet of filter paper 2 em. trom one 
corner, the same procedure and equipment bem 
used as previously described tor one-way chro- 
matograms. The paper was stapled mto a 
evilinder, devel ped in the first directio: by 
ascending flow of an acetone solvent, dried at 
room temperature, unstapled, turned through 90 
degrees, restapled, and developed with a butanol 
solvent. All two-way chromatograms were pre- 
pared in triplicate, two being with 
ninhydrin, and one with tsatin 

The solvent contained by volume 250) 
parts acetone, 30 parts ethvlene vive ol, 50 parts 
pyridine, and 100 parts water. The buta 
solvent contained by volume 300 parts n-buta 
90 parts ethyl acetate, 75 parts ethvlene glycol, 
and 75 parts water. (J. P. Wolf TIT, 1955, 
personal communication.) 

A search of the literature has revealed that the 
Ry values of the spots on two-way chromatograms 
are not expressed arithmetically like the Ry 
values on one-way chromatograms, but 
the location of the spot indicated by a drawing 
showing its characteristic position on filter 
paper sheet, or else a photograph ts made of the 
positive paper, arrows being used in « 
to indicate the direction of flow S the two devel- 
oping solvents with appropriate labeling 

Although this system used extensively, 
and apparently 1s fairly actory, it 
desirable to be able to express the Ry values on 
two-way chromatograms by the use of figures to 
give a more exacting analysis, and also to facilitate 
the incorporation of two-way R¢ 
tables This can be done bv e xpressing the R, 
values in each direction as a multiple unit By 
this combination of Ry values, the location ot the 
spot can be e xpre sssed) very readily In the: 
solvent svstems emploved in this study, the Ry 
value in the first direction (with the acet 
solvent) will be expressed as A with the Ry value 
attached, and in the second direction (with the’ 
butanol solvent) as B. For example, L-glutamie 
value of .6S with the acetone 
solvent, and the Ry value with the butanol sol- 
vent is .15. Using the svstem outlined above, 
the combined Ry values would be expressed thus 
AGS x B15 

The identification characteristics of the 24 
amino acids available for this studv are 
arized in Table I.) By running both one-way and 
two-way chromatograms as well as using both 
ninhydrin and tsatin sprays, each amine acid in 
the series could be positively characterized with- 
out any ambiguity, although it must be admitted 
that the degree of differe nee between leucine and 
1st ile ucine 1S not great. 
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gated in this study had original Ry values with 
n-propanol-NH; separation as follows: Band 1, 
13; Band 2, .20; Band 3, Band 4, 34; Band 
>, 39: Band 6, tier: 
Band o), ae 

All one-way Ry values for acid hydrolysis pre- 
ducts were obtained by development with x- 
propanol-NH The R¢ values on two- 
wav chromatograms were obtained with acetone 
ie first direction and butanol solvent 
Direct comparison was 
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thus possible for the free amino acids liberated by 
acid hydrolysis with the standards that had been 
prepared with the same solvents, and by the same 
procedures of application to the papers 

The R¢ values for all acid hydrolyzates, together 
with the amino acids to which they correspond, 
are summarized in Table IT. 

The paper chromatograms of the hydrolvzates 
were prepared in essentially the same manner as 
the standards, but differed in one respect. In- 
stead of placing only one drop (lL eubie millimeter) 
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Acid hydrolysis of the constituent at R¢ 0.27 
Band 3) gave three distinct spots which -cor- 
respond to threonine, serine, and beta-alanine 

R; 0.34 (Band 4)- yielded components that 
correspond to aspartic acid, and serine, only two 
spots being present in the hydrolyzate. 

The constituent located at R- 0.39 (Band 5) 
also vielded O! ly two spots. These spots cor- 
respond to alanine and tyrosine. 

The constituent at Ry 0.48 (Band 6) remained 
the same after hydrolysis giving only one spot on 
both one-way and two-way chromatograms, indi- 
cating that it was a free amino acid. The Ry 
value corresponds to proline; ninhydrin and isatin 


color confirm this identity. 
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ots with 


to 


R; 0.72 (Band 9) vielded only two s; 
acid hydrolysis. | These correspond 
methionine and valine 

From these ‘results it can be coneluded that 
most of the constituents carried up by a-propanol- 
NH, from fresh tissue extracts of the house fly 
are peptides; however, a certain amount. of 
caution must be exercised in applying this 
interpretation since in one instance (R¢ 0.39) the 
spot on the original chromatogram mav have 
been composed of two free amino acids at the 
same locus. “The R¢ values of these two amino 
acids identified by two-way chromatography are 
very one-way chromatograms. ‘Two- 
way chromatography of the original constituent 
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The constituent at Ry 0.55 (Band 7) gave three 
spots from the hydrolyzate which correspond to 
tryptophan, valine, and probably phenylalanine. 
The part of the two-way R; value obtained with 
the standard, and with the hydrolyzate for the 
butanol solvent, do not correspond very well, 
but the one-way R,; value, the ninhydrin color, and 
isatin color do correspond to phenylalanine. 

R; 0.65 (Band 8) yielded the largest number of 
spots after hydrolysis, five well-defined spots 
being present. These spots corresponded to 
proline, tyrosine, threonine, leucine and/or iso- 
leucine, and valine. 
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without hydrolysis would have shown whether 
it was a peptide or two free amine acids. This 
was not done, however, since the amount of effort 
involved in preparing additional homogenates, 
chromatograms, and eluates was not considered 
worthy of proving the point 
It seems reasonably certain to conclude that 
one of the constituents from fresh tissue extracts 
of the house fly is the free amino acid proline; 
that a second constituent is either composed of 
two free amino acids at the same locus or 1s a 
- dipeptide; and that all the other constituents are 
peptides ranging in size from those composed of 
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only two aminoacids te the largest which appears 
to be composed of five amine acids. 


SUMMARY 


The chemical nature of nine ninhvdrin-positive, 
protein constituents from fresh tissue homogenates 
of the house fly, Musca domestica Lait 
determined by paper chromatographic and acid 
hvdrolvsis techniques. The constituents were 
separated on 22x 22 cm. filter paper 
streaking technique being emploved tor applviny 
the biol gical material to the papers; n-propanol 
NH, was emploved as the developing solvent 
In addition to R¢- values, band numbers 
assigned to the ninhydrin-positive 
Band | corresponding te the lowest 
(0.13) and Band 9 to the highest (O.72) 
constituent was tsolated for individual study 

area of the chromatogram 
material with and 
1¢ .material from the filter paper strip 
luate was hydrolyzed with ON hy 

100 degrees centigrade for 6 hours and 
with prepared trom 
amino acids as eriteria for identifica- 
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as well as tsatin, were used as color reagen 
The Ry values and band numbers of the nine 
constituents examined on one-way chromato- 
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the respe tive VE Ided 
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0.13 (Band 1), glutamte acid, seri 
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acid, and alanine: 0.27 (Band 3), thr 
and beta alanine; 0.34 (Band 4), 
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e: 0.55 (Band 7), try pt 
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TETRANYCHUS TUMIDUS BANKS VERSUS TETRANYCHUS GLOVERI BANKS 
(ACARINA, TETRANYCHIDAE)' 


H. BRUCE 


Department of Zoology. 


When Banks deseribed these twe species in 
1900, the distinctions between them were based 
upon artifacts visible in the mounted specimens. 
At that time little was known concerning the 
reliable morphological features of the male 
aedeagus for taxonomy, and Banks described 
only females. In many genera of mites females 
so similar that in some cases males must be 
examined to be certain of identification. 

Tetranychus tumidus has been found in the 
southern United States, California, Puerto Rico 
ind Guam, on numerous hosts, including cotton 
and vegetable crops, on which it is a serious pest 
(Pritchard and Baker, 1955, Roussel et al., 1952) 
On the other hand, 7. glovert has never been 
recognized since Banks described it from cotton 

Baton Rouge, La In both eases the females 
were described, and recently Baker and 


are 


ley 
only 


Pritchard (1953) placed glovert in the synonymy | 


of tumidus because of the close similarity between 
the type specimens. There is no reason to ques- 
tion the placing of guinguenychus McGregor and 
antillarum Banks in the synonymy of tumidus, 
but evidence has been found for considering 
gloveri to be a species distinet from tumidus. 

In July, 1955, live spider mites were examined 
on water hyacinth, from Simmsport, La., which 
closely resembled 7. tumidus, but the males had 
a very small terminal knob on the aedeagus (Figs. 
} and 4) and the eggs were a very deep maroon 
Adult females were transferred to young 
cotton seedlings in the cotyledon stage, on which 
they were confined with rings of tanglefoot. 
These females laid a few eggs before becoming 
entang 
the basis of a stock laboratory culture. Mean- 
while a stock culture of T. tumidus was being 
maintained for other studies. This last species 
is readily cultured on cotton seedlings. In fact, 
it propagates so readily that there is always 
infesting stock cultures of other 
species maintained in our laboratory. The mites 
from.water hyacinth, on the other hand, at first 
reproduced very slowly on cotton, and had a 
tendency to move around so much that most 
ended up in the tangelefoot barrier. More speci- 
mens of this mite species were collected from 
water hyac inth at Port Barre, La., and a stock was 
successfully established on cotton. This new 
stock was maintained under culture for four 
months without vigor. Cotton-cultured 
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Iniversityv. Baton Rouge 

specimens of 7. tumidus were easily transterred 
to water hyacinth (the host plants from which 
tumidus Was originally described in Florida), and 
reproduction on this host was as vigorous as on 
cotton. 

Upon searching our records and 
reexamining preserved specimens of “7. fumidus™, 
it was found that in August, 1953, two 
cotton near New Roads, La., about 20. miles 
northwest of Baton Rouge, were very heavily 
infested with both 7. tumidus and a similar 
species having the aedeagus as-in the eultured 
The newly recognized form was 
collected in the summer of 1955 at Port Barre, 
La., and Bon Wier, Texas on water hyacinth, 
and at Baton Rouge on dahlia during. 19534 
The evidence for resurrecting the name Tetrany- 
chus glovert ‘Banks tor these mites, and taking 
glovert trom the svnonymy of tumidus tollows. 

In culture on the two are 
readily distinguished as follows: 7. tiumidus 
females lay white eggs tf mated, which develop 
into both male and female offspring. Unmated 
temales lav eggs which are red on one side, all 
of which hatch into males. _Unmated females 
which have laid red eggs, when allowed to mate 
with their sons, begin laving white eggs, and both 
males and females hatch from these white eygs 
Feeding of the nymphs ts general over the entire 
leaf surface. Adults rarely become entangled in 
the tanglefoot confining barrier. - (Normally 
these and most other tetranvehid mites feed on 
the undersurface of leaves, but in culture they 
will accept the upper surface if confined, and 
microscopic examination is easier). 7. glovert 
females lav red eggs, whether mated or virgin, 
although eggs from virgins a very dark red 
while from mated females the eggs are not se 
intensely red. The nymphs do not move around 
very much and feed in restricted areas, but the 
adults seem to be uncomfortable and move sea 
many of them become entangled 3 
the tanglefoot. Both species produce 1 ather ae 
females, which assume a very dark red-maroon 
color. The dark lateral food spots are indistinet 
and diffuse. Males of tamidus are vellowish- 
green, becoming reddish with age, while males 
of glovert are very dark green 

There 1s such close morphologic agreement be- 
tween the two (except for the charac- 
teristic aedeagi of males and the first’ tarsal 
chaetotaxy of females), that mating experiments 
were performed. Successful mating im = spider- 
mites produces both male and female offspring, 
but unfertilized eggs always develop only into 
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males (see discussion of this phenomenon 

Boudreaux, 19560). One fiamidus 

nymph, tsolated with a glover? male, mated a 

the last molt and produced 65 I 

Another such female produced 51 male offs 

Two glovert temale deutonvmphs tsolated each 

with fumidus male produced 19 males each and 

No female offspring 
¢ ° he 


tle 
ae 


another produced 25 males 
were produced (Mating 
last molt. Deutonymphs have no genital ope 
ing, and although males may attempt to moun 
suceesstul 

1, 


eceurs onls atte 


iwmphs, such attempts can not be 
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were reproductively isolated, a search for dis- 
features between females was made. 
The cotype specimens of both species, plus the 
types of guinquenychus McGregor and antillarum 
Bks. were 1 


tinguishing 


lv examined, plus all available 
specimens ¢olleeted of the two species in our 
collection 

In every ease where males were associated with 
females of tumidus as it 1s generally recognized 
(McGregor, -1950, Baker and’ Pritchard, 1951, 
Pritchard and Baker, 1955), there were found 
four tactile setae proximad to the proximal 
duplex setae on tarsus I (three of these are 
generally very close to the duplex setae and one 
is more proximad), and nine tactile and one 
sensory setae on tibia I (Fig. 1). This included 
+5 field collected females. In culture this pattern 
is also found, and it is typical of females of the 


e1ose 


Fic. 1 Fore tarsus of 7. tumidus fer lale, dorsal view 
Note that three of the proximal setae are nearer the 
duplex setae (arrow) than the fourth. 

Fic. 2. 
Note most of the proximal setae are nearer the base of the 
tarsus than in J. tumidus. ; 


genus Tetranychus. In the cotype series there 
are 18 or more females, a few nymphs and no 
None of the females properly oriented 
exhibited any deviation from this chaetotaxy, nor 
do the types of quinquenychus McGregor and 
antillarum Banks vary from this formula. Both 
type females of gloveri have extra setae on the fore 
tibia and tarsus as shown in Table I. 


males. 
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Fore tarsus of 7. glovert female, lateral view. - 


Vol. al 


-A female associated with a elovert male from 
cotton collected in 1953 in New Roads exhibits a 
single extra sensory seta on the right tarsus I. 
The females from water hvacinth also exhibit 
0-2 extra sensory setae on tarsus I, and 0-3 
extra sensory setae on tibia I (Fig. 2), often with 
different numbers on the legs of the same mite, 
while others do not have the extra sensory setae, 
as in tumidus. These females without. extra 
sensory setae, however, produced typical glovert 
males in culture, and both types of females 
appeared in culture. ‘In. glovert there 1s perhaps 
a situation similar to that existing in 7. cimna- 
barinus (Bots.), in which the chaetotaxv seems 
to be a complex genetic phenomenon, but not of 
specific ealiber (Davis, 1952. Keh, 1952, and 
confirmed in the writer’s laboratory), and pos- 
sibly an example of matriclinous inheritance. 

The two species are distinguishable morpholo- 
gically as shown in Table II ; 
Both species otherwise are identical in both 


sexes. The males bear four tactile and two sen- 


sory setae proximally on tarsus I, and nine tactile 


ot 1. tumidus 
of 7. glovert 


Aedeagus 
Aedeagu:s 


and four sensory setae on Tibia I. Empodial spurs 
in both sexes are well developed, and body stria- 
tions in both sexes bear lobes on the outer folds 
of the integument, giving it a broken appearance. 
The lobes on the male are very wide and shallow, 
rather sparse, and on the female dorsally and 
laterally the lobes are more or less triangular, but 
are semi-oyal ventrally from the genital plate to 
the gnathdédsoma. In the females of both species, 
the terminal sensillum of the palpus is very short 
and broad, while the dorsal sensillum is stout and 
elliptical in shape. a 
Since the type locality of 7. gloveri is Baton 
Rouge, La., and the type host is cotton, and 
since there is structural agreement between the 
type females and the females of the recently 
recognized populations in question, it 1s felt that 
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justification exists for recognizing T°. glovert as ; Fetranyvenus  telarti 
species distinct from 7. tumidus, especially 4 Davie Dv ee ee 
view of the consistent differences between the two-spotted ce 
males of the two species, and the biological 5 14 : 
tinetions and — ductive tsolation exhibited Gasser, R. 1051 
Male and female e specimens of 7. .glovert have ae 24: 217-63 
‘ . . . ° rt 24 ‘ 
been deposited in the United States National Ken, Benjamin, 
Museum fe 
+h SOS 1 
_— E. W 1950 Mites of the family 
eo Amer. Midland Nat. 44(2): 257-420 
REFERENCES CITED Pritchard, A. E E. W. Baker. 1955. A te 
Baker, Edward W., and A. E. Pritchard. 19053.) A gutde he spider mite family Tetranvchidae. M 
»s of , or wR 34 rol 2 sottic oa *: So. —. 
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Banks, Nathan. 1900 The red spiders of > United pare 
States (Tetranychus and Stigmaeus). U. § ‘pt. Roussel, John S., J. C. ween L. D. Newsom, 


Agrtc., Div. Ent., Tech. Se ull. 8: 65-77 Smith. 195i Tt festation 
Boudreaux, H. B. 1956. ‘vision of the two-spotte spider mi ta 
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STUDIES ON THE NESTING BEHAVIOR OF DIGGER WASPS OF THE 
TRIBE SPHECINI. PART I: GENUS PRIONONYX DAHLBOM: 


HOWARD E. EVANS 


Department of Entomology. Cornell Unwversits 


ABSTR AC 


e 
nade to correla 


} 


3 Tee orded 
are reviewed briefh 
fnomar. 2P 
spectes 


ir nesting t 


ee 
a Protec 


The large and consprcuous wasps of 

Spheein: have attracted the attention 

persons, and a 1 
notes on these wasps would fill many pages. Yet, 
aside from the verv valuable survey by Iwata 
(1942), few attempts have been made to bring 
any of this information together aa the point 
_of view of understanding the evolution of behavior 
in the group. Since the Sphecinae are, at least 
in mv opinion, the most primitive subfamily of 

the large family Spheerdae (exclusive ot 


ethology of the group if we are ever to understand = the species of 

the over-all evolution of behavioral characters ino hope to discuss m 

the Spheeidae tribe at 
There ts by no means full agreement on the 1 

correct: classification of the Sphecin:. The most 

common practice has been to recognize but a 

single genus, Sphex (or Chlorion of most recent 
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14a LOD cal 
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on permanent file at Cornel! University. In the 
studies of P. atratus, | was assisted by C. S. Lin 
and C. M. Yoshimote. Ali the grasshoppers were 
identified by A. B. Gurney of the Entomology 
Research Division, U. S. Department of Agri- 
culture, whom I particularly wish to thank. | 
also wish to thank Ernest C. Bay tor providing 
the nesting data and photographs for P. striatus 
information 1s available on all ef the 
North American species of this genus except 
ferrugineus (Fox). In South America, striatus 
Smith, sfriatulus (Bréthes), and spinolae (Koh!) 
have received some attention, and in Eurasia sud- 
fuscatus (Dahlbom) has been studied in detail 
Members of this genus are rather striking in 
appearance: they are stout-bodied, with heavy, 
spinose legs which terminate in tarsal claws bear- 
ing from two to six teeth along their inner margin. 
The gaster is somewhat globose, the first tergite 
perpendicularly from the rather 
ort petiole. In the front wing the second sub- 
marginal cell is higher than wide, and in the 
female the clypeus has a median notch 


Some 


sing almost 


Priononyx atratus (Lepeletier} 
This is a widely distributed species, ‘occurring 
from coast to coast from the Lower Austral well 
ito the Transition Zone. It 1s a particularly. 
common species in midsummer in the Great 


Fic. | 


n L-shaped nest, no 


Three typieal nests of Priononyx atratus. 
HE46, Blackjack Creek, Pot 
Kansas B, a diagonal nest, no HES5?. 
Desert, Pottawatomie Co., Kansas ce. 
Sun City. Barber Co., Kansas. 


itomie Co., 
» Gobi 
rved nest, no. 573, 
Plains, where there is an ever-constant supply of 
the short-horned grasshoppers which serve as its 
prey. There are several published notes on this 
species, and Williams (1913) and the Raus (1918) 
have published fairly full accounts of its biology: 
a shorter account by Strandtmann (1945) 1s 
somewhat out of accord with earlier observations 
The present studies are based on 22 field notes 
made in Kansas during the summers of 1952 and 
1953. Most of them were made in two localities 
in Pottawatomie Co., in northeast-central Kansas, 
and a few were made in several places 1n southern 
and western Kansas. 
P. atratus does not appear to be strongly 
restricted ecologically; I have found it nesting m 
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localities Varving froma moist sandy stream bottom 
to the much drier sand of an upland blow-out and 
to a grassy prairie. The species does not oceur 


“in open sand dunes or in areas of woodland or 


dense herbaceous growth. [t is not a gregarious 
species, although in suitable areas several indt- 
viduals may nest in relatively close proximity 
Both sexes commonly visit flowers for nectar; I 
have taken them.in abundance on Ascleptas, 
Petalostemon, Melilotus, and several other plants 
The Raus report that mating occurs on flowers 
The might 1s spent clinging to low vegetation (e.g. 
A se lepias) and individuals sometimes rest on 
vegetation during the heat of the day. In 
Kansas, the species ts on the wing from June well 
into September; during this time it has several 
generations, the hfe evele, from egg to adult, 
requiring not more than a month 

Hunting behavior. Females search for 
he yppers in grass and other low vegetation, par- 
ticularly buneh-grass. Often they land on a 
clump of grass and walk down inside; if a grass- 
hopper flies out they pursue if swiftly on the wing 
Very commonly they fail to pursue it successfully, 
perhaps being deceived Dy the eryptic coloration 
of the hopper when it lands on the sow. If a 
female succeeds im leaping on the back of a 
hopper, she embraces it firmlv with her legs and 
mandibles, and in the ensuing struggle bends 
her abdomen beneath the body of the hopper and 
stings it quickly one or more times at random on 
the ventral side. The grasshopper immediately 
ceases to struggle and the wasp then stings it 
ence more, rather slowly, on the ventral side of 
the thorax, probably through the cervical mem- 
brane. She may then lap up fluids exuding from 
the wound or from the mouth-parts of the grass- 
hopper for a minute or two (note No. CY73) 

Apparently any short-horned grasshopper of 
moderate or rather large size is found suitable as 
prey. Adults are most commonly used, but there 
are a few records tor last-instar nymphs (see 
Table I). ; 

Carriage of prey.-The prev is dragged over 
the ground in a characteristic manner which has 
been noted by many The wasp 
spreads her legs wide and straddles the grass- 
hopper, holding the base of the antennae in her 
mandibles and supporting the prothorax with her 
front legs. Walking on the middle and hind 
legs, and often buzzing the wings at the same 
time, she proceeds rapidly forward over the 
ground. The grasshopper often weighs much 
more than the wasp and frequently extends out 
behind the. wasp a considerable distance. The 
grasshopper is invariable held dorsum-up, and 
its hind legs drag along behind. The sight of 
such a pair proceeding over the ground 1s enough 
to cause even the most blasé of persons to stop 
and stare : 

Since P. atratus nests in much the same area in 
which it hunts for grasshoppers, the prey. is 


wrasse 


observers 
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niv a snort distance {a lew wehamMcally, 


veral meters) NOre i tS 


hile the wasp sear hes for a place tea 
‘st. Rarely is the hopper merely 
dropped on the ground; rather it is placed in or 
beneath a clump of grass or a few centimeters up 
tn an herb. The prev ts often moved from pl 
to plac eas the wasp searches for nest 
site or digs a bit here and there 
is begun, the wasp mai the grasshopper 
occasionally and commonly moves to a new 
place closer to the burrow 
According to Strandtmann 
which he observed dug 
eaptured a grasshopper an 


nest. However, he notes ¢t 


i 
hat apparently 


FABLE I 


Prey Recokps For PRIONON YN UDRATES 


SPECIES 


Ive, adult.o*o* 


Wasp? } 


out a struggle, “for it never moved, except 
twitchings of the antennae and. tars.” 
probability this grasshopper had been stung 
viously and hidden in the vegetation while th 
wasp dug the of the numerous obser- 
vations of Williams, Raus, and mvself, this 
species has never been seen to prepare its nest 
until after the prev has been captured and para- 
ly zed 

” Digging the nest. The wasp uses her mandibles 
to loosen the soil or break it into lumps; she 
removes the soil from the burrow with the front 
legs assisted by the mandibles and scrapes 1 
back a short distance (1-3 em.) from the entrance 
She moves tn and out of the burrow very rapidly, 
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nearly vertical burrow leading to a horizontal 
cell, and therefore ‘to be L-shaped; one nest he 
measured was 2 inches deep. The Raus found 
the burrow to be about %% inch in diameter, 
starting vertically and curving gradually to the 
cell; they give 3 to 4 inches as the usual length 
of the burrow and 1!y inches as the usual depth 
of the cell. Strandtmann’s nest had a gently 
inclined burrow which suddenly dipped down 
vertically and entered the horizontal cell; the 
burrow was 6 inches long, the cell 3% inches 
below the surface. 

In the present studies {as also noted by the 
Raus) it appeared that nests were relatively con- 
stant in size and form regardless of the type of 
soil in which they. were constructed. For this 
reason I have combined the data from all 17 
nests which were dug. Burrow length (including 
ell) averaged 10.5 em. (6.5-15 em.); depth otf 

1e bottom of the cell from the surface averaged 

(4-9 em.). Cell length varied from 2.5 to 
; and cell diameter from 1.2 to I.S8 em; 
burrow diameter always approximated one centi- 
meter. The figures reported by earlier workers 
fall within these extremes. Nest types included 
the L-shaped nest reported by Williams (fig. 1, A), 
the curved burrow of the Raus. (C) and the 
diagonal burrow of Strandtmann (B), though 
without the vertical dip which he found. The 
three types of nest grade imperceptibly into one 
another, but in general it may be said that 3 of 
the 17 nests were L-shaped. 8 curved, and 6 
diagonal. Thus individual or ecological variation 
appears to account readily for the apparent lack 
of agreement in the observations of earlier 
workers 

Placement of prey and ovtposition. 
hopper is placed in the nest in the manner de- 
scribed above, 1.e., it 1s dragged to the edge of 
the burrow, then pulled.in by the antennae. 
Oviposition is completed in a matter of seconds 
and the wasp begins filling her burrow. The 
grasshopper is invariably found to be head-in; 
indeed, no other orientation is possible, since the 
burrow and cell are not large enough to turn the 


The grass- 


grasshopper around. 
dorsum-up, although occasionally it tilts slightly 
to one side oer another. Strandtmann’s sketch 
shows the grasshopper lying venter-up in a cell 
of unusually large size relative to the prev. This 
may be an instance of abnormal behavior, or the 
grasshopper may have been turned over acci- 
dentally in the course of digging. 


The egg is slender, strongly curved, and about - 


6 mm. long. The position in which the egg is 
laid is constant. It is glued to the membrane 
just above one of the hind coxae, and curves back- 
ward over the base of the femur. This has been 
noted by all who have worked on the species, and 
Williams’ figure 6 shows the position of the egg 
nicely. 


Closing the nest.—P. atratus closes the nest with 
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the same speed and efficteney she exhibits im 
digging it. Verv soon after placing the grass- 
hopper in the nest, she reappears at the entrance, 
scrapes soil rapidly trom the pile at the entrance 
into the burrow, then turns around, rushes into 
the nest head-first. and presses the soil in place 
in the burrow with her head. She uses the ventral 
portion of the head, especially the elypeus and 
spread mandibles, for packing the burrow, and 
during this process emits a loud buzz. Verv seon 
she again appears at the entrance, scrapes some 
more nto the burrow, then re-enters and 
presses the soil into place again. These actions 
are repeated quickly many times, until the 
burrow ts filled level with the surface of the sor, 
an operation which may require no more than 
three to five minutes. The body 1s always held 
nearly vertically during the packing of the bur- 
row. The Raus note that when the burrow ts 
nearly full the wasp may pick up chunks of earth 
and break them up with her head in the burrow, 
“rubbing and pressing down the soil with them 
until they [become] part of the firm part of the 
pulverized earth.” Having filled the burrow, 
the wasp then rakes sand in various directions 
over the place and frequently picks up lumps ot 
soil, twigs, and other objects and places them 


soil 


over the nest These actions may take consider- 
ably longer than the actual filling of the burrow 

After completing the filling and concealn 
the nest, the wasp flies off and not une 
begins to hunt another grasshopper immediately 
One individual observed by Wilhams captured 
another grasshopper only ten minutes after com- 
pleting her previous nest. Individuals apparent! 
make consecutive nests in the same small area 
The time taken for the entire nesting process, 
from the stinging of the grasshopper to the con- 
cealment of the finished nest. may be no more 
than one hour. Presumably a female may com- 
plete several nests in a single day if conditions are 
favorable. | 

Development. ‘There is general agreement that 
the grasshoppers captured by P. atratus are para- 
Ivzed very lightly. Within a few hours after the 
nest 3s closed, the hopper begins to show spon- 
taneous movements of the legs and antennae, and 
within a dav ts able to kick vigorously and move 
its wings, mouthparts, and antennae considerably. 
Probably such movements are restricted within 
the confines of the narrow cell, but tn a rearing 
tin they are pronounced and make rearing difficult, 


since the egg 1s often disk riged 
The following extract from my (No 

HE47) will illustrate the progessive development 

of the wasp larva on the grasshopper and the 

eventual death of the hopper: 

July 28 (1952): Nest completed 1855; dug out 
at that time and contents placed in tin. Hopper 
is -Melanoplus angustipennis, adult co’; egg in 
usual position. - 

July 29: Hopper is very active, showing much 


notes 
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mimines were 
behind an earried her 
rrasshopper (CL65); the flies were not captured, 
appeared to belong te the genus Seno- 

So trilineata (v.d.W. commonly 
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the Raus all agree that the prey ts captured before 
the nest 1s dug. 

Digging. the nest.The wasp’ makes use of her 
mandibles to break up the soil, which 1s then 
scraped with the fore legs into a pile a short dis- 
tance from the entrance. Large pieces ot earth 
are carried out with the mandibles. Hartman 
remarks that the wasp moves with ‘almost 
machine-like regularity .. . darting in and out so 
quickly and smoothly that I can best compare 
her movements to those of a rubber ball attached 
to the end of an elastic band’’. Hartman’s wasp 
abandoned her first hole and filled it up before 
starting another. One wasp which I watched 
(No. HE108) started and abandoned six successive 
nests between 1730 and 1757, filling each hole at 
least partially with sand before leaving it, but in 
no case using the head to press the soil into place. 
This wasp was able to dig the length of her body 
about two minutes. She began her seventh 
hole at 1758 and was still working on it at 1830 


1m 
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Placement of prey and oviposition. All observers 
are in agreement that the hopper is placed in the 
cell head-in, dorsum-up, and the egg laid just 
above the hind coxa on either side. One end of 
the egg is glued to the coxal membrane and the 
other curved over the base of the femur, exactly 
as in atratus 

Closing the nest.-The burrow 1s filled from the 
mound of earth outside the entrance. The wasp 
first scrapes some of the soil into the burrow with 
her fore legs, then turns around and rushes into 
the nest and presses 1t into place with her head 
while buzzing loudly. She then reappears at the 
entrance and repeats the procedure When the 
burrow 1s filled to the surface, she picks up lumps 
of earth and small pebbles which are Iving about 
the entrance and places them in a pile over the 
entrance. These pellets are not selected care- 
fully, but picked up quickly and without apparent 
discrimination. This has been noted by Hart- 
man, the Raus, and myself, and seems to be very 


TABLE II 


Prev Records For PRIONONYN THOMAL 


SPECIES 
Acrididae 


Acridinae 
Amphitornus sp 
Aulocara sp 
Orphulella p. pelidr 


a Burm., adult 


Oedipodinae 
Arphia xanthoptera Burm., adult 
Dissosteira carolina L., adult 


Encc yptolophus subpgrac this texensts Br., adult ° 


Cyrtacanthacridinae 
; 


Paraidemona sp., probably fratercula Heb., adult & 


when overtaken by rain and cool.winds. The 
next morning at 0900 the hole was still open, but 
at 1915 the wasp appeared with a grasshopper 
which was stored in the nest 1n the usual manner. 
If this was a freshly caught hopper, as seems 
likely, then the wasp was capable of reversing the 
usual prey—nest sequence and utilizing a pre- 
viously prepared nest. 

The nest of this species is in every respect 
similar to that of atratus, except that it averages 
slightly smaller in all dimensions due to the 
slightly smaller average size of this species. The 
burrow may be vertical, curved, or oblique; the 
cell is elongate and horizontal. | Hartman found 
the cell to be about two inches below the surface, 
the Raus about one inch. In the two nests 
which I dug in Kearny Co., Kansas, the burrow 
length (including the cell) was 8.5 and 9 em., the 
depth of the cell from the surface 5 and 7 em. 
(between 2 and 3 inches). In both cases the cell 
was about 1 cm. in diameter and 2.5 em. in length. 


Note No. ok Source 


Willams, 1913 
Williams, 1913 
HEILOS | 


Rau, 1918 
Rau, 1918 
LI75B 


HIZ5A 


characteristic of this species. The Raus watched 
one pile. cinders over the entrance for sixteen 
minutes; the wasp then flew about the nest for 
two minutes, and finally added a few more 
cinders to the pile. This wasp took fifty-four 
minutes to dig her burrow, provision it, and close 
and conceal the nest. As noted earlier, wasps 
often prepare in very 
proximity 

Deveio pment._—One larva was reared to maturity 
in the present studies (No. HE109). The egg 
was laid on August 20 and hatched on the 22nd 
The larva fed in the manner described for atratus 
and reached full size and began to spin on August 
26. The larva was preserved and has_ been 
described elsewhere (Evans and Lin, 1955). As 
in atratus, the grasshopper remains lively for 
several days, until the larva consumes the vital 
organs. The Raus dug out a nest which had 
been prepared on July 14 and obtained a com- 
pleted cocoon on July 19; a female wasp emerged 


successive nests close 
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from This eacoos on At ugust Gr » Apparently this 
. hike atratus, has a series ot generations 

throughout the summer 
Natural enemies ere appear to be ne 
flies attacking this 


h attacks may well be com 


species 


The Raus discuss at considerable 
apparent cleptoparasitic relationship 
sordes untemetus with P. thomae 


Priononyx pubidorsus (Costa 


the preceding twe, 
uneommon throu 


United States 
biology known to me 
2), ur der he name bifoveolatum 
I have observed the nesting of this species three 
times, once at Lake Charles, La., At y 
No. 579) and twice at Arcadia, 
1955, an March 27, 1957 (Nos 
Rau watched ngle individual 
plus scuddent 
a mud bank with 5; 
s, Missourt. The ma 
-as in atratus and thomae 


species the hoppe r was left at 


eee 
ey 


in trom the 
alratum 

ta hind 
nner as in atratus and thomae 
observed at Lake Charles, 
grasshopper along a 
sandy roadside in the almanner. The hopper 
Was deposited tn p of grass while the wasp 
walked about and eventually began a nest a short 
distance away since T was pressed for time, I 

} wasp a prev before the nest was 
finished; the grasshopper was determined as 
Lrime rotro pis 2 Scudder, adult . 
4t lodipodi: ae} : 

Wasp No. 1020, at Arcadia, Florida, had at 
Wt | begun a& nest in a heel print in sand 
along the banks of the Peace River The grass- 
lopper | dunielen. janine propinguus 
Seudd., adult o*) was lying on top of a weed 3 

above the ground about half a meter away 
about five minute intervals the wasp let 

ig to visit the prev, but she did not move 

n all she, visited the prey four times. Finally, 

at 1650, she grasped the hopper and carried 1 

over rough terrain directly to the edge of the 

burrow, then went in, turned around inside. and 

drew the hopper inte the burrow by the antennae 

She reappeared in about a minute, then began 

filling. She was captured before the nest was 

. completely filled and the nest dug out. The bur- 


row was at a sharp angle with the horizontal, 


about SO°, and about 7 em long. leading to a cell 
2 em. long and S em. beneath the surface (the 
burrow had been started from the edge of a heel 


print about 2 em. deep)... The hopper was in the 


yrarmoral 


» hopper was 


! 
asp was sti 
and tmmediatel 
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entire grasshopper except for the exoskeleton and 
had entered the soil for pupation. Ten specimens 
of Senotainia rubriventris Macq. (det. C. W. 


Sabrosky) later emerged from these puparia. 


Priononyx striatus Smith 
This isa larger species than the preceding three. 
Its known range extends from Argentina north 
to Arizona and Nevada. Apparently it has not 
recorded from Texas, but on June 23, 1957; 
[ took a female at Port Isabel, Cameron Co 
Texas, on flowers of black mangrove (Avicennia 
nitida Jacq.). I have made no observations on 
the nesting of this species myself. I am greatly 
‘bted to Ernest C. Bay for the following notes 
accompanying photographs, made on 


1956, at La Ventosa, Oaxaca, Mexico. 


peen 


triatus approac hi 
Note that th 
grasshopper an 
rhe middle ; 
e side for walk 


From 2 Kodachrome 


ttotl 


Mr. Bay observed a female digging her nest 
a slopping sandy road eut in scrubby, semi- 
Her grasshopper, a female 
Y yleus sp., probably eentralis Rehn (Oedipodinae), 
was lying paralyzed on the ground about 30 em. 
After digging for about an hour, the wasp 
grasshopper and carried it to the 
The grasshopper was very 
nuch larger than the wasp, measuring 58 mm. 
exclusive of the wings) to the wasp’s 27 mm. 
The wasp held the base of the hopper’s antennae 

t 

? 


eountry. 


de Ssert 


ame after the 


i 
lge of the burrow 


in her mandibles and grasped 


prothoracie lobes with her front tarsal claws; she 

walked on her middle and hind legs and vibrated 

her wings rapidly (fig. 2). After leaving the 
af 


grasshopper at the edge of the burrow, she 
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entered the nest, turned around inside, and drew 
the hopper in by the base of the antennae. Ovi. 
position and closure occurred rapidly, and the 
wasp was not seen to place pellets of earth over 
the nest entrance. This nest was dug out and 
found to be about 9 em. deep. The grasshopper 
was head-in, lying on its side, with the wasp’s 
egg laid on the base of. the hind coxa in the usual 
manner of this genus (fig. 3) 

This species has also been studied by Cont! tn 
Argentina, under the name Enodia fervens (W1- 
link, 1951). According to Conil, the wasps pre- 
pare their nest first and then hunt their prev, 
Schistocerca cancellata (Serville) (Cyrtacanth- 
acridinae). A single locust ts used per nest 
In most respects Conil’s observations appear te 
agree well with other 
Priononyx, and it seems strange that his wasps 
apparently dug their nests before taking their 
prev. 


those of workers on 


an Ty 


PSR 
ae We es 


% 


Fic. 3.—Cell of Priononyw striatus eut awav from the 

The burrow approaches trom the Note tine 
PI 

position of the egg on the base of the hu d ley of the 


sshopper. From a Kodachrome by Ernest C. Bay 


} 


side. left 


Priononyx subfuscatus (Dah born) 


This widely distributed Old World species has 
been studied in Europe by Ferton (1902, 1905, 
1921) and in China by Piel (1935). - In every 
respect it closely resembles the North American 
species of the gre Up 

The prey consists of adults and nymphs of at 
least eight genera belonging to all three mayor 
subfamilies of <Acrididae. The wasp. usually 
stings the grasshopper twice, then may lap up the 
fluids exuding from its mouth. The prev is then 
placed on a tuft of vegetation while the wasp 
seeks a place to dig. The nest is simple and of 
the form as in atratus and other North 
American species. The grasshopper is carried 
to the nest and placed in it in the usual manner; . 
the curved egg is attached to the membrane of 
one of the posterior coxae. Paralysis of the prey 
is very light. The burrow is filled rapidly, the 


same 
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pile at the entrance being used as fill: the sol 
pressed in the burrow with the head and 


surface carefully leveled when the burrow is full 


Prionoyx striatulus (Bréthes} 


1s South America species has been studiec 
Liebermann (1931) under 
caridet Lieb. In Argentina it 
important enemy of the destructive — lec 
Trigonophymus arrogans Stal (Cyrtacanthacri 
According to Liebermann, the burrow 
hunting begins and may eventuall lopper 
Lup to three cells; 1t 1s vertical and rath species 


shallow, and apparently ts closed while the wasp 


ic 
tS awa\y luntiz Th nging y the 


* ’ 
; walt 
HOCTSe Hl 


apy 
Priononyy. On approa 
le Wasp drops the prey, then opens and — logical 
she then returns to her prev and = Priononya 
o and into the nest 
urrow 1s filled rapidly and 
° e ? * 
leveled carefully, the wasp 


oy thorn 
& slegte 


Priononyx spinolae (Koh!) 
This neotropical species apparently belongs to 
Priononyvx, although the notch in the anterior 
t the elvpeus ts weakly developed. How- 
e-Joseph’s observations (1928, under 
he name Sphen chilensis Spin ja) are correct 1 
the species departs radically from the 

ing behavior of the. genus 

laude-Joseph reports that the species’ nests in 
colonies of up to about a hundred individuals 
The burrows are dug horizontally or obliquely in 
elav banks and reach a depth of 10 to 12em The 
cells are ovoid, with smooth walls, and are pre- 
pared more or Jess in series starting at the bottom 
et the burrow and- working back toward the 
entrance Thev are separated by onlv a small 
barrier of sand; the final cell is close. to the surface 


} 


and covered by OnNIV a 


av 


: ’ 
| 


little earth 
The prev consists of two or three species of 
leridium (*=Schistocerca), both adults and 
immatures. The grasshoppers are carried to the. 
nest on the wing; the wasp lands from 10 to 20 elo 
em. from the nest, then deposits the prev, opens 
he nest, returns to the prev and carries it into 
he nest When she leaves she again closes the 
nest with a small amount of soil. Five to ten 
yrasshoppers are provided for each cell The 
egg 1s laid on the first hopper in the cell, on the 
venter of the thorax between the hind legs, and 
requires about a week to hatch. The larva feeds -  tstriatus 
tor about ten davs before reaching: maturity : The nest 
Exceptions 


DISCUSSION One gra 


RASS 


In reviewing the ethologieal data on vartous Exception 
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The eg? is laid with one end attached to 
the hind eexal membrane. Exception: 
spinolae, which lays the egg on the venter 
between the hind coxae. 

The prey 1s usually placed on a tuft of 
grass or slight elevation while the wasp 
digs her nest. Exceptions: — striatulus, 


spinolae 


These exceptions are of considerable interest. 
1 every case they represent a convergence t wward 
the genus Sphex, which usually nests in colonies, 
flies with the prey, makes moderately deep, multi- 
cellular nests with several prey per cell, lavs the 
g on the venter of the pro- er mesothorax, and 
epares the nest before hunting prey. As I have 
already noted, the usual elypeal ne itch of 
Priononyx 1s nearly wanting in spinolae. This 
notch is probably an adaptation for holding on to 
the rather thick antennae of Acrididae, but 1t 1s 
in Sphex, which grasps the very much 
al Tettigonidae. Also, the 
claws of spinolae have only two teeth, while most 
other Priononyx have four to six teeth. In 
Sphex and in Palmodes there are two teeth on the 
claws 
Structurally, Priononyx is more specialized than 
Sphex with regard to the elaws, the wing venation, 
the clypeal notch, and the shape of the abdomen. 
If it is a derivative of Sphex, then such a species 
* as spinolae would seem to provide an excellent pro- 
‘totvpe. But in its behavior Priononyx isin many 
ways more primitive than Sphex (and than P. 
spinolae). In the the prev— 
nest is clearly more primitive than the sequence 
nest—prey, and shallow, unicellular nests con- 
ing a single host specimen are clearly more 
primitive than deeper, multicellular nests con- 
taining several prev per cell. For the present | 
merely wish to pose this enigma; its solution must 


eg 


pr 


itennae oft 


wasps, sequence 


taining 


await a careful consideration of the structure and 
ethology of the remaining genera of Sphecini 
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OBSERVATIONS ON TWO SPECIES OF PINE CONE FEEDING 
DEATHWATCH BEETLES IN CALIFORNIA 


(COLEOPTERA: ANOBIIDAE) 


HERBERT RUCKES, JR.! 


University of California, Berkeley 


Allen (1956) observed that Ernobius granulatus 
LeConte attacks first year cones of longleaf pine, 
Pinus palustris, in the southeastern United States 
where it causes serious damage to cone crops. 
Essig (1936) mentions that E. cupressi Van Dyke 


of studies undertaken with the 
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1This is one of a series 
aid of a grant from the Gilbert M 
cepted for publication June 9, 1957 


(E. conicola Fisher) breeds in and drv 
cones and dead wood of Monterey eypress, Cu pres- 
sus macrocarpa. My recent studies of insects 
infesting the cones and seeds of pines in California, 
have shown that each vear a small percentage of 
the cones of Jeffrey pine, Pinus jeffrevi, never 
reach maturity and cone growth has ceased early 
in the second vear of cone development.  Dis- 
section of these “aborted” cones revealed the 
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THs} Ruckes: 
larvae and adults of Ernobius melanoventris Ruckes 
(Ruckes 1957} active and feeding in these 

In January, 1956, a group of Jeffrey pine trees 
in Green Valley Meadow, Cuyvamaca Rancho 
State Park, San Diego County, California, was 
chosen as a study area for detailed observations 
on the activity of these Table I presents 
the data for cone growth and development and 
that of Ernobius activity from this area. 
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Ernobius melanoventris Ruckes 
The des 
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Egg: Milky white, opaque, 
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white, head capsule brown; three pairs of the race 
legs all developed; dorsum of thorax and abdomen 
with short brown spines; ventral surface oft 
minal abdominal segment with a brown scleretizes 
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-By means of head capsule measurements it was 
determined that there are five larval instars. 
Measurements for these are summarized in 
Table IT. 

Pupa: .Integurnent white when newls for med. 
Average length 3.15 mm. (range 2.15-4.25 mm.). 

Adult: Male—Head, antennae, and thoracic 
and abdominal sterna black: pronotum and 
elytra piceous-testaceous, clothed with recumbent 
golden hairs; eleven-segmented, three 
terminal segments elongate. Female—testaceous, 
pronetum and elytra clothed with golden recum- 
bent hairs; thoracic sterna black, abdominal 
stermites mottled black and brown; antennae 
eleven-segmented, with three terminal segments 

elongate and black, remaining segments brown. 

Habits: Oviposition occurs during the second 
and third weeks of May (Table I). During this 
period adult beetles were collected from the 
fohage of the trees and emergence holes were 
observed in the cones that had been attacked in 
1955. The eggs were deposited singly or in 
groups of two or three under the scales of the 
near the base of the cone 
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melanoventris have been collected from the fol- 
lowing areas in California: Cuyvamaca Rancho 
“State Park, Lake Cuvamaca, and Mt. Laguna, 
San Diego County; Santa Rosa Peak; Riverside 
County; Barton Flats, San Bernardino County; 
Wrightwood, Los Angeles County; Dodge Ridge 
and The Dardenelles, Tuolumne County;. Big 
Meadows, Calaveras County; Chilcoot, Plumas 
County; Old Station, Shasta County; Blacks 
Mountain Forest, County; and Adin 
Summit, Modoc County. 
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Ernobius pinicola Ruckes 
Another species of Anobudae ts respe msible for 
i similar type of damage to ponderosa pine cones 
as well as to Jeffrey pine cones. The life history 
and habits of E. pinicola also appear to be similar 
of E. melanoventris, although studies of 


the species are not vet complete. 


o those 
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he limitations to be expected, a considerably larger 
area It is not clear to me whether there is to be a 
complementary Part II as the title implies, but in any 
ase there is a similar treatment of the other suborder 
Cott's Systematics of the Suborder Tubulifera (Thy 
(Univ. Calif. Publ. Entom. 13: 


recent, 
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1-216, 1956 

Bailey’s work is comprehensive in that it brings to 

gether information about all within the 

category and area defined, and in so doing it has a 

material value However, it is characterized by an 

extreme reluctance to make ‘changes for the sake of 

ither taxonomy or nomenclature, and indeed, state 

ments regarding relationships are studiously avoided 

h a work as this it should not be necessary, as 

; another source of information for the family 
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SUMMARY 


Ernobius melanoventris is an anobud beetle 
which attacks the green cones of Jeffrey pine in 
Cahfornia. The larvae of the beetle enter at the 
beginning of the second vear of cone development 
and imhibit further growth. The result of the 
attack 1s destruction of the cones and a reduction 
inthe seed ere yp. The beetles complete their life 
evele in less than a vear in 

During the winter both adults from the summer 
brood and larvae of the second brood may be 
In northern California only 


OVCTWIN- 


southern Californ: 


found in the. cones. 
one brood 1s produced each year an 
tering occurs in the pupal stage. In California, 
the beetles are found throughout the range of 
their host. Extensive sampling in the study area 
indicated that 17 percent of the 1956 cone crop 
had been attacked by the beetle. This was the 
heaviest infestation found. 


vielded a much lower percenta; f infestation. 
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OBSERVATIONS ON THE BIONOMICS OF CULEX 
‘BARRAUDIUS) PUSILLUS MACQ. 


(DIPTERA: CULICIDAE) 


A. M. SHALABY' 
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larval coileetions also showed its association with 


the larvae of Culex molestus Forsk.. Cudlea 
laticinctus Edw.,: Culex laurenti Newst.. and 
tnopheles pharoensis Theo. Wirkpatrick (1925 
earlier recorded its association with Anopheles 
multicolor Camb. and Aedes caspius (Pallas) 
This study was undertaken because so 
was known regarding the biology of C. pusillus 
Its habitat, prevalence. seasonal distribution, 
abundance, and habits were investigated, and an | measure 
attempt was made to colonize the species in t 
laboratory 
different developmental stages — and 
taxonomic status were not included in this stt 
However, some morphological characteristics, 
and some biologteal aspects, were reported by 
Nirkpatrick (1925) t the 
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“he percentage ot blooded females in the first 
nd the seeond eage at the close of each 

nt indicates the ability of this species to 

pigeon blood and on human_ blood, 
respectively. It was found that females of 
C. pusillus are not easily induced to take human 
blood, and this was true even when they had 
been starved for 10 days after emergence. 

Other data obtained from each of the first 
two cages included the number of egg rafts, the 
number of eg; ‘raft, the incubation period, 
and the | age of hatch. No eggs were laid 
by femal ' the third group. These data are 
presented in Table I] 

Upon hatching, the first larvae were 
transferred to finger bowl dishes where they were 
reared in the laboratory. The average duration 
and the comparative growth rate of the four 
larval instars were noted; and the mortality ratio 
among the instars was determined. 
Newly formed pupae were placed in small jars, 
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groups ranging from 15 to 65 pupae per jar, 
and each jar was placed in a separate cage. 
Percentage of emergence here was computed on 
the basis of the number of pupae which failed to 
emerge as adults. To obtain full life eyvele data, 
adults were maintained until eviposition took 
place. 

The entire study was carried out under the 
temperature and relative humidity prevailing in 
the laboratory. The average relative humidity 
vas found by taking the mean of readings made 
at 8 a.m. and & p.m. daily. 


RESULTS 
The results are presented in four tables and 
one graph (Figure 1) 
DISCUSSION 


Larval collections over a one-year period have 
shown Culex pusillus to be particularly abundant 


| Ve yf 5 1 


in three suburban localities near Alexandria 
These are: Max, 10 kilometérs southwest ot 
Alexandria; certain sites (here called the Salt 
Drains) some .4 kilometers east of Max; and 
Victoria, some IS kilometers east of Alexandria 
At the first locality most of the breeding places 
were in two large pools which were completely 
without vegetation but were polluted by animal 
and various other in addition, a tew 
small, permanent bodies of water where emergent 
vegetation occurred were found to be favorable 
breeding spots. The second locality is very close 
to the sea, and there the breeding places were 
mainly stagnant salt drains. At Victoria, how- 
ever, the breeding places consisted of willowy 
pools, marshy swamps, and reedy ponds 

It was noticed that a moderate salt concentra- 
tion (Table I) exists in the waters where C. pusillus 
was found breeding. The highest salt concentra- 
tion was measured at the stagnant Salt Drains 
near Max, where the salinity was'4.9 during the 
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rABLE 1 
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SALINITY CHLORINGDS 
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month of September, and the lowest salinitv was 
2.1 in the breeding places at Victoria during 
January. 
The pH figures given in Table I show that all 
the waters where this species breeds are distinctly 
alkaline. Atkin (1923) suggested that Lower 
Egypt and Pusa in India are comparatively free 
from malaria because their waters are alkaline 
The author disputes this theory, as it has been 
found that malaria-carrying mosquitoes breed 
together with C. pusillus in alkaline waters., 
Kirkpatrick (1925) reported that the only 
exceptions to alkalinity of Egyptian waters are 
the wells at Kharga Oasis, where the water rises 
from the ground and has a pH of about 6.5 to 7.0 
It is believed that the pH and the salinity of the 
water of the breeding places play a major role 
in determining composition and rank 
order when climatic are equally 
suitable for the propagation of the various species 
A progressive increase 1n the larval density 
occurred until August and September, when peak: 
abundances were attained (Fig. 1). The decline 
of the population curve was most precipitous at 
the Victoria breeding sites, due perhaps to the low 
salt and chloride content of its waters (Table ID) 
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Longevity of females reared 
ranged trom IS to 25 days, but 
14 days. 


Sn 
Seconds 


va tew 
the laboratory 
ales died in 


‘The > eggs are 
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less than 
laid in 
he majority of the egg rafts being canoe- 

shape a while ibaa were circular, oval, irregular, 
or Ai ybon-shaped. The number of eggs per raft 
Table II) ranged maximum of 210 to a 
of 9. Each egg 1s conical in form and 
tapered distad The combined length of 

time in the egg and larval stages, under laboratory 
varied from 15 to 1S davs, with an 
ximately 17.3 days (Table IV) 
the greatest percentage of hatching was 
vs after oviposition, it 1s assumed 
| the larval period ranges from 
of 14 days 
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y filtering the food particles by rapid 
novement of the labral ar and other mouth 
i was found that feeding might 
invwhere medium, but usuallv 
suspended 3 to 4 


eceur 
took 
with larvae mm. 
below the surface; sometimes the larvae ted on 
material dislodged from the bottom 
From the data presented in Table III the 
lowest’ mortality appears to occur among 
the third instar larvae, where it reached a maxt- 
mum of 2.5 percent and averaged only 1.6 
the various trials. The highest 
percentage of mortality was found at the fourth 
ee where it averaged 18.6 
id reached a maximum of 22.7 percent 
The saatinatitty high mortality rate among 
fourth instar larvae seems largely due to the 
development of two lethal morphological anoma- 
lies in the rearing dishes. Ten of 318 larvae in 
one rearing dish showed a noticeable extension in 
the region between the head and the thorax, and 
these larvae completely failed to puy pate. In 
this same dish, and in other rearing dishes, a 
relatively large number of dead ese showed a 
more or sudden blackening in the lateral 
regions of the prothorax, in the region of the 
future air a to pupation. Sixty-three 
of 290 larvae in one dish showed this phenomenon 
Shalaby and basis (1957) have described 
sex-linked lethal mutation in the fourth 
larvae of Culex molestus, which showed a sudden 
blackening of the lateral regions of the prothorax 
They suggest that a lethal factor might have 
affected an organ of endocrine secretion respon- 
sible for pupation, or might have caused an 
abnormality in the tracheal system during the 
process of pupation 
Bionomic data relating to the pupal stage are 
This probably is due to the short 
duration of the stage, together with the slight 
knowledge of its taxonomy. The pupal stage of 
C. pusillus, estimated from group data (Table IV), 
requires from 3 to 4.5 days, and averages 3.5 davs 
The process of pupation takes place in a matter 
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Adult emergence from the pupae in a series of 
rearing colony maintenance ranged 
trom 62.4 S4.7 percent, with an 
average of approximatels 4.7 percent (Table sad 
These data show that the higher the number of 
pupae per jar, the higher is their mortality rate 
The pre-eviposition period tor f adults 
pupae { Table IV) 
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A STUDY OF HYBRIDIZATION IN THE GENUS EURYTOMA ILLIGER 
INCLUDING DESCRIPTIONS OF TWO NEW SPECIES AND 
A REDESCRIPTION OF E. QUERCI-GLOBULI (FITCH. 


‘EURYTOMIDAE: HYMEN.}'* 


ROBERT E. BUGBER 


Alles henvy Calle yr 


ABSTRACT 
D. ma 
(Ba 


two new 


WEASPIs . Quercus 


Euryvtoma querci-globuli 
. : ; 
desc ribead as Mai VORLCHON Glens 
It 38 liste a 122 Dalla 


trupidae, ISOS, as sti 


bh 


However, in 1900, 1n Sm 


: 
1? prepared t 


comple xX are rr te 

genus Disholcaspis | 

galls oceur on vari 

on the twigs 

globular in sh 

distributed gan 

by Disholcaspis quercus-globulus (F 

cus alt } 

fall and winter after the leaves have falle 

galls are easily recognized as Ih 

brown spheres 

twigs at the distal end of 
Emergence ot 

few males appear 

of the emergence occurs in’ July 

then tapers off in September and 


The original description E. queret-glob 


. ) tollata av . hita Ire 
a, ¢ Seals AK rwhite oaks 


abil ‘ 
ak tobe T 


so inadequate that a redeseription, | 
type female 
lection an 


own collection, follows 


Eurytoma querci-globuli (Fitch), redesertption 
Picgures banp 2; Map No. 

Macrogle nes Ouerer-globult Fite By; ISS, N \ State Agri 
Soc. Trans. 18: 812 

VMacroglenes queret-globul: Sehimi necht. 1900, Geer 

. fase. 97, ? 2 

Euryvtoma querct-globult’ (Fitch), Ashmead. in Smit! 
Insects of New Jer ev, 1800, p 4 

Eurytoma punctiventris Walsh, 1870, Amer. Ent. and Bot 
2: 299.. New Synonyory rs 

: - A Burks, wl ally : 

Females Large spectes, av. 4.5 (BO AS) Kurezewski, whe mad 
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aan w surface consists of irregular, rec- 
angles running the width of the furrow; 
ingles smooth; areas lateral to furrow with 
‘regular carinae and between them 
rough ly punctured; from top of coger furrow 
linent carinae extend laterally. and « nd 
two or three deep pits. - Antennae with the scape 
and often the pedicel vellow to vellowish-brown 
joints evens than wide: length of first 
joint about 1.7 times its width or width 
about 56°, of length; fu distinctly six seg- 
‘nted; the sixth joint not truneate distally but 
] applied to seven and separated 


shallow annulation; elub ; 


rest ol 
ot rect 


surfaces 


; 


1 
funicie 


nicle 


ar —" 
segment 


ippears lo Consist 


Eurytoma querei-globuli (Fit 
x16 
Eurytoma querct globuli (Fitch 
nitalia, x32 


Lower face — 
Le gs most oft 
ack medial ly on 
femora; ao from all 
reddish-brown; most often 
middle coxae yellow and and hind coxae 
black or deep reddish-brown. Wing veins vel- 
lowish-brown in color; marginal and postmarginal 
linear; marginal av. 0.36 mm. (0.27-0.45) and 
postmarginal av. 0.30 mm. (0.27-0.45) in length; 
thus the postmarginal 1s often shorter, but it may 
be equal to or longer than the marginal. 


of two closely fused segments. 
a few weak striae or none at all. 
vellow; smudge 
outer face of hind 
black to all vellow or 


less often a 


coxae 


fore 


Annals Entomological Society of 


surface 


‘D. mamma on Q 


Aaa pezomachoides on OQ 


elmerica [Vol Al 
Length 3.2. mm. (3.0-3.7).  Mostls 
black. Petiole only. slightly longer than hind 
coxa, av. about 1.2 times its length; dorsal sur- 
face of the petiole covered with fine, even pits 
Tegulae vellow, reddish-brown or black. Antennae 
with the scape vellow; funtcle joints 1-5 1 
than wide, truncate and pedicellate at distal « 
6 separated from 7 by a shallow annulation 
with the coxae all black or less often with the 
middle coxae vellow and some vellow to reddish 
be wn on anterior faces of front coxae and inner 
hind coxae; rest of legs all vellow or hind 
femora may have deep brown smudge on the 
middle of outer faces and less often brownish 
infuscation on bases of middle femora; in a few 
all femora and mid and hind trbrae 
may be entirely black. Wing veins vellow to 
brown; marginal av. 0.31 mm. (0.27-0.35) and 
postmarginal av. 0.27 mm. (0.25-0.30). 
Types: Holotvpe female, U.S. National 
Museum, No. 1829 
Tvpe Locality: There 
the type temale Fitch: deseribed the 
his Fifth Report on the Noxious and other Insects 
of the New York, INDO, so it probably Was 
collected somewhere 1n New York state 
Host: Fitch labels it as the “Oak Ball” 
and the description follows his characteriza- 
tion of the “Oak-Bullet” gall-fly, Callaspidta 
quercus-globult on white twigs. It alse 
eccurs on D. mamma (Wa Quercus macro 
carpa and Q. bicolor; D. quercus-globulus (Fitch) 
on Quercus alba and Q. stellata: D. colorado (Gil- 
lette) on Q. utahensis; and D. cinerosa (Bassett) 
on Q. virginiana. ° 
Range: Eastern United States, west to the 
vicinity of Salt Lake, Utah, and south to central 
Texas. Map No. 1 
{dditional Specimens and Host Records: Mis- 
NESOTA: Eagle Bend, from D. mamma, 3 temale 
and 3 male. WISCONSIN Portage, from Dishol 
caspis mamma on Q. macrocarpa, 1A temale and 4 
Geneva, from D. quercus-globulus an 
alba and QQ. macrocarpa, 
tmale. Inimois: Eddyville, from 
alba, 2 temal 
quercus-globulus on Q. alba, A 
trom D. quercus-globulus on O 
stellata, 2 female MICHIGAN 1 temale 
men coll. by C. P. Gillette. INDIANA 
field from D. mamma on ). macrocarpa, 4 temale; 
Bloomington, from D. mamma on Q. bicolor, 4 
female; Charlestown, from D quercus-globulus on 
O alba, 15 female and 1 male; Untonville, from 
D. quercus-globulus on Q. alba, 1 female; Stockton, 
from D. guercus-globulus on Q. alba, 3 female and 
1 male; Jasper, from D. quercus-globulus on Q 
alba, 2 female. Onto: Wayne Co., from oak 
2 female; Gallipolis, from D. quercus- 
globulus ©1 Q. alba, 27 female and 15 male; 
Coolville, from D quer us-globulus on Q stellata, 
female and 6 male; Chilheoethe, trom D. quercus- 


Male: 


faces of 


+: 9.4 
signt 


specimens 
: 


is no locality label ony 


speetes in 
State of 


paris 


site, 


oak 


Ish) on 


male; Lake 


female ‘and 


Olney, from D 
temale; America, 
spect- 


West- 


galls, 
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vlobulus on QO. Michauxtt, 1 temale and 1 male; 

West uon trom D. quercus-globulus on O. alba, 

20 female an nale. New York: Medina 

from D. mamma Q. macrocarpa, 2. temale 

Pi NNSYEVANIA Dupon uo ok temale; Meadville, 

trom D. quercus-globulus on Q. alba, 6 females an Georgia 
males. NEW HAMPSHIRE eo Bay, from dominate 


eo € 
D. quercus-globulus on ¢ + female and a ete. 
male. CONNECTICUT: St: ; D Mrs PPE PLA Still furt 
on Q. bicolor, 3 female and 3m: is W JERSEY 
Broadway, from mamma on QO. bicolor, & 
female and 1a] KANSAS thattan, from 
Do mamma or rid wpe a nale and © 
male q sullivar rom: DD. quercus- 
glo bulus on ¢ ale an wba, 42 female and 
LOOMS Oty 
te er 


‘ 


QuMeve Us globulus ON 
ale KENTUCKY 
“quercus glol Aulus on i) alba, 
ARKANSAS: Forest City 
ous elobulus on Uv. s ae Fi 
TENNESSEE: Memphis, 
on Q. stellata, 9 temale 
from D quercus globulus or 
m D Guercus- 
cae ( “AROLINA 


D. quercus-globulus on 0.5 stellata, 
10) male GEORGIA Hartwell 


globulus on Q. alba, 5 female an 
D PUevews globulus On 
t! female ar d 32> male 

Comstock, trom D. crnerosa 
females 

Kurvioma Punctivente (s Walsh 
type of EE. querci-gl bult (Fitch) 

: 


’ ’ 
abdome ‘22 MOSstIY b ack, except 


the venter of the irst th re rmen 

middie coxae are dee Idish-brown to bi 

rather than vellow l@ material representi 
KE. punctiventris in ational Miaurse 

collects m2 38 from Mi ? ? Ss believe a no 


be the original tvpe oa ot aoe In wor 


: 
n 


seen 


ing over the specimens listed under the redescrip- 
¥ ! : 


NUMBER OF SPECIMENS 


tion of £. querci-globult, 

reddish-brown _ pmen 

gradually into the black a 

tris. In general, ‘ipecknens 

brown abdomen predominate south ef the Ohte 
River, and the black abdomen forms ¢ 

Ohio River and westward inte Kans 

Texas. However, there ts net 

demarcation, and red-abdomen 


found north, as well as black ferm 


river In all other respects th és forty O a 3 4 5 6 € 8 


resemble each other so closels . 
ferences in the abdomen seem to represent ‘13 NUMERICAL INDEX 
iSee Map No. I) In northern Michiga: 
nesota, Ne ow Hi impshire, an d westward to Kansas 

and Utah the black form ts bred from Disho leas pis 

mamma on Quercus macrocarpa and in Utah fro: a.. lipol 
D. colorado on Qo utahensis. Southward and east Portage. Wis 
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limited, so far as known, to the Coastal Plain ts 
a smaller, reddish-brown form that ts found pri- 
marily on D. virens on Q. virginiana, a live oak 
Except for the smaller average size, less extensive 
sculpturing on the sixth abdominal segment and 
the lack of black infuscation, except on the 
anterior, dorsal aspect of the first three abdominal 
segments, this material resembles very closely 
some of the specimens from D. quercus-globulus 
on Q. alba and Q. stellata. 

When the populations are plotted separately 
as pictorialized scatter diagrams (Anderson, 1949.) 
and the characteristics used—color of abdomen, 
color of the coxae and relation of the length of 
narginal and postmarginal veins——assigned 
a numbered value (1.e., red abdomen 1, half red 
and half black 3, black abdomen 5), and then 
plotted as polygons on graph paper the results 
are shown in Fig. 3. Since the populations fron 

Barnesville, Ga., Gallipolis, Ohio, and Meadville, 
Pa., were very similar in average and range of 
variation they were graphed as one population 
The same is true for the material from Portage, 
‘Wisc. and Manhattan, Kans. Inspection of the 
polygons shows that the populations labelled I 
and III appear quite distinct with an average of 
6.5 and 1.1 respectively. The intermediate 
.group, No. II, however, overlaps both of the 
other polygons with an average of 3.2. The 
variation in the intermediate populations (II) 
runs from specimens that are so similar to popu- 
lation I or III that they could be placed in these 
while others fall somewhere in between 

; the two extremes (I and ITI) are connected 

"a series, grading from one to the other. 


the 


OAK DISTRIBUTION 


The distribution of the oaks on which the host 
gall wasps occur present a continuous overlapping 
from north to south. Quercus macrocarpa has the 
northern-most range, extending from Nova Scotia 
to Manitoba, south to Ge rgla and west to Texas 
and Wyoming. Quercus virginiana extends from 
southern Texas along the Gulf and Atlantic 
coastal plain to Virginia. Quercus alba and Q 
stellata overlap both ef the previous species, the 
former extending from Maine, southern Ontario, 
and Minnesota south to Florida and Texas, and 
the latter from Massachusetts to Indiana, south to 
Florida, and west to Oklahoma and Texas 


HOST GALL WASPs 


The host gall wasps of the parasites all belong 
to the genus Disholcaspis Dalla Torre and Kieffer. 
The cynipid host (D. mamma) of the northern 
black form occurs on Quercus macrocarpa and Q 
bicolor and the host (D. virens) of the southern red 
form occurs on Q. virginiana. The intermediate 
population is bred: from D. quercus-globulus on 
QO. alba and Q. stellata. Although the host 
cynipids are placed in three species, the fact that 
they are all in the same genus shows that they 
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are closely related. The overlapping of both 
host oaks and host gall wasps suggests the pos- 
sibility that hybridization mav oceur in one or 
both and indeed such hybridization 1s indicated 
among the oaks. Q. alba hybridizes with both 
Q. stellata and Q. macrocarpa, and Q. stellata with 
Q. macrocarpa. The reverse also oceurs where 
both Q. stellata and macrocarpa hybridize with 
Q. alba, (Robinson and Fernald, 1950). There 
has been no study of possible hybridization among 
the host gall wasp species, se tar as I know, but 
1t would not be a great) surprise to find it 
eventually 

The group of white oaks, as well as the related 
host Cynipid species of Disholcas pis, seem to have 
provided a continuous pathway by means of which 
gene flow in both directions is maintained. If 
all one had was a specimen or two of the northern 
black form and the southern red form, they might 
appear to be good species, but with adequate 
material from in between, the two grade into each 
other and thus appear to be color forms of one 
species. No additional characteristics could be 
found to support the color differences that would 
give a basis for separate species 

The specimens from Picayune, Miss., from D 
virens (Ashmead) on Q. virgintana, and Ocala, 
Florida, from Q. margaretta, seem to differ enough 
in several characteristics from typical FE. querct- 
globult to be given They 


differ as noted below 


subspecitie status 


Eurytoma querci-globuli rubra n. subsp 
Mar Newt 


Female: Av. in length 3.4 mm. (3.0-4.0); thus 
it averages smaller than E. querct-globult querct- 
globult. It differs also in having a reddish-brown 
abdomen that may have black infuscation on the 
dorsal surface of segments | to 3, occurring as 
along posterior margin that fade out 
laterally and, anteriorly. Sculpturing heavv on 
lower halt of 6th tergite but this fades out dorsally 
and does not go over dorsal surface. Thorax may 
be deep reddish-brown, or lateral surtace deep 
reddish-brown and dorsal surtace black. Head 
with the frons and area around eves reddish 
brown. All coxae and legs vellowish-brown. 9th 
abdominal tergite shorter than in EE. querct- 
globult querct-globult, av. 0.28 mm. (0.22-0.32)}. 

Types: 13 females and 3) males Holotype 
female in the Bugbee collection, Allegheny: Col- 
lege. Meadville, Penna 

Type Locality: Picayune, Misstssippt 
lected October 20, 1927 by W. E. Smith 

Host: Disholeaspis virens (Ashmead) on Quer- 
eus virginiana. ; 

Range: Known only from Mississippi and 
Florida, but it probably will be found to occur 
along the Gulf coastal plain and the Atlantic 
coastal plain as far north as live oaks extend. 

Additional Localities: Fuoripa: ‘Ocala, reared 
November 7, 1919 by L. H. Weld from Quercus: - 


sp ws 


Col- 





JHas] Bughee: 

stellata var. margaretta. Hopk. U.S. 153864, 3 

temales: Lady Lake, coll. Nov o, L919, bred from 

D. virens on Q. virginiana, Kinsey coll. and « 

I} female. Musstssiprt 

15, 1928 trom D 
coll 


: 
™~ 


» ‘ 
Picavune, 
SPOngrosa or 


October 16, 


Utah from D. colorado. (Gille 


have the abdomen and tegulae black 


mav have black infuseation en the 
fore and Il t tne 


d femora and medially on 


i 
3 , . 
nad inftuseatior 


Eurytoma querci-globuli utahensis :.. stitss 
Map Now! 


Female: Ditfers fron L ruerci-clohul? onuercs 
Cmale. Miers trom e. GUuEVER-BLOOM PUCK 


ces } Sie 
eMieny ?) Navine «a campiletlels 


guerce 
giobuls yfatensss 


Deeveveng 


Hybridization in the Genus Eurytoma 


Eurytoma Querci=glodulr (finch 


@ Addomen Diaca 
oO Abdomen ree 
@ addomen poth dtack are 





LOS 


separ ite E fult a 
It is quite likely that 
Mine Mexice re 


would show even 


dominal segment will easily 
from the Utah material 
from = Southern 
available, thes 
h E. fulve 
The fewspecimens from Napa, C 
D washingtonensts (Gillette) on ? 
described as a new species, as are also the speci- 
from Grand Canyon, Arizona, from D 
quercus-globulus (Fiteh) on Q. gambelit 


specimens 
Arizona were 
closer affinities wit 
Ma from 
douglasit are 


al hifor: 


1 
mens the 


Eurytoma furva n. sp 
Mar No. 3 


head 


1-brown 


blac k Abdomen 
Length av. 3.9 


¢ 
? 
| 


Thorax and 
reddist 
Abdomen deeplv 

view; that from a 

dorsal view it 1s narrowly oval; tergite 6 wider 

laterally than 4 and 5 eombined and wider than 

5 from a dorsal view; sculpturing on lateral sur- 

face of 6th limited te lower half or two-thi 

that dors al surface is smooth and shiny; abdomen 

av. 2.1. mm. (2.1-2.4) in length; white pile absent 

tergite 6 Internal 


dorsolateral et of 
and 1.6 mm. in 


la av. 2.4 
an aa usually 


dorsal 
1orizontal and ventral valves 


Female: 
usually a deep 
2.9-4.5) 


; Fe 
a lateral 


Oval to ¢ ircula r 


: 
com] yressed So 


nase See 


biack 


anteriorly 
ventral valves turn posteriorly 
180 arch and f 
Propodeum with a complete, v 
] width from 
-brown: center smooth and 
Head with only 
striae on lower part of face. 
Legs with femora and 
black: middle and 
almost black 
marginal av 
0.40) and postmarginal av. 0.28 
mm. (0.20-0.32) 1n length 

Male: Av.in length 2.3 mm. (2.2 Petiole 
and abdomen often deep reddish-brown or almost 
I petiole about twice as long as hind coxa. 
Legs including eoxae deep reddish-brown with 
extremities of tibiae eee femora vellowish-brown 
Relation of margin il and 1 veins same 
as in the female exce pt ti it both average slightly 
shorter 


Types: females 


dorsally 
1are of 
uleral oe vertical 
» median furrow 


top to bottom 


° ok 1 
stviet 1 


intains Same 

; anes reddish 

edges fit 
a Tew snort, Weak 
Scape of antenna vellow 
‘tibiae all - front arora 
hind coxa rown to 


<a : } 
lely Sshagreened 


yello 
ae vedi lish- 


Wing veins ve aoe ots linear; 


0.3 mm (0.27 


” bilil -é 


2 3) 


ostmarginal 


and 9 males Holotype 


female in the Bae bee collection, Allegheny Col- 
lege, Meadville, Pa Paratypes in bo. eS 
National Museum, Washingtor 

Type Locality: Napa, ts alit nn eted 
March 18, 1920 by A. C. Kinsey 

Host: Bred from Disholcas pis’ washingtonensis 
(Gillette) on O douglasit, 

This species is typical of the EF. querci-globult 
complex in its almost eircular abdomen as viewed 
from the side, the devel ped female 
genitalia with the ventral valves forming an are 
of 180°, the uniformly wide median furrow on the 


; Kinse V det 


str¢ megly 


Annals Entomological Society of 


at a 


‘stout, 


“and 


[Vol. 


mertca . 


propodeum, and the vellow legs. It differs, how- 
ever, in the wider 6th abdominal tergite with the 
sculpturing reduced to the lower one-half or two- 
thirds of the lateral surface and in the deep 
reddish-brown color of the abdomen att id tegul ic 
In typical FE. querct-globuli the color is usually 
light reddish-brown, vellowish-brown or black 
Range: Known so tar only from the type 
which ts located north of San Francisee 


; 
f 


locality, 


Eurytoma brevivena 1 
Mar No. I 


Females Blac k Av 

1.1). Abdomen av 

oval from a lateral 

tergite as wide as or wider than 3 iat ; combined 

both laterally and dorsally; fine sculpturing on 

lateral s limited to lower one-h 

rest of sur and shins 

short and beat. av. 0.20 

dorsal and ventral valves turn dorsally, antert 
right and ‘ventral valves bend pos- 

teriorly forming a half eirele of ISO°; tuleral plate 

ind stvlet arch vertical; valves narrow but 
black for horizontal length and for about 

one-half of vertical extension Pr pod 

cave; with a wide median furrow, hates d laterally 

that are wide apart 


urface of 6th 


q ° x) 


gite nm) 
orly 
tbe 


angie 
ac Sa 


Cum Con 
lateral carinae, 
approach each other gradually, 
furrow towards base; 
ventrally from one-half to 


on er * side of central 


bv arent nple te 
at top but 


rowing ee cen 


earina extends twa 
thirds of furrow; 
and below it are small 

pressed surfaces. Tegulae vellow. Ante 
the upper half of seape black and 
yellow. Face strongly striated from below eve 
level striae converge on the 
elypeus the segments longer 
than wide ] cello brown 
and black. Wing veins brown, linear; 
postmarginal short, about one-half the length 
of marginal; marginal av. 0.48 mm. (0.42-0.45} 
and postmarginal av..0.21 mm. (0.20-0.22) 1 
length 

Male: The one male in the series ts in too poor 
condition for a deseription. [It measures 2.5 mm 
in length . 

Types: 13 females’ and 1 male. Holotype 
female in the Bugbee collection, Allegheny Col- 
lege, Meadville, Penna . Paratyvpes im the U Ss 
National Museum collection, Washington, D.C 

Type Locality: Grand Canvon, Arizo 
Jan. 26, 1920 by A. C. Kinsey 

Host: Disholcaspis quercus-globulus 
Q. gambelit, Kinsey det 

Range: Known only from the type locality 
the northwestern part of Arizona 

This new species differs from typteal E. querct- 
globuli in averaging smaller in all its measure- 
ments, in the smaller, more oval abdomen with 
the wider 6th tergite, the lack of avy and 
extensive sculpturing on the lateral 1 dorsal 


carina 
rectangles with shinv de- 


‘nae with 


lower halt! 


of oe ot scape; 
Flagellum with 


Legs al ellow or 


COKNAC 


(Fitch) on 


ats he 
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A REVISION OF THE GENUS MALEZONOTUS 
HEMIPTERA-HETEROPTERA: LYGAEIDAE 


PETER DO ASHLOCK 


California, Berkeles 


ABSTRACT 


O8US i 
Reosini 
ott * Place Valesonotus + 
My own work with tt } 
Plein grt support 
however, t 
it his yenert placement wrt 


Me valonetine: may be open te question 
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1tomologic al Museun n, t 

nd a i & utzZz ] hhiladelphia, 


Slater and Dr Usinger 
and offered much helpful 


’ a sas; é 
Pennsylvania. Dr 
the ania 


a 
atines 


DISTRIBUTION 


species of the 


genus are con fined to the 
mountain ranges of western North 
America No members of the genus have 
found in the Great Basin. I myself 
summers in that area of western Utah specifically 
for lvgaeids in ground litter 
and found no-Malesonotus. Only one 
specimen, M. angustatus, found outside 
a mountain 


California at 


Five 
three main 
been 
spent two 


1 their 
has been 
area, in the central valley of 
The other two species 

One ranges through- 
and the other 1s 


Island, New 


ous 
Sacri imentoa 
are Eastern in 
out the 
localized in 


York 


distribution 
United States 


Jersey and Li my 


southern 


New 


BIOLOGY 


Nothing has been recorded about the 
‘anv t Malezonotus h 
known that members of the Megalon 
lv be collected on the 
grasses and herbs, or un 
ground litter. This has been 
true of Malezonotus specimens collected by the 
uthor (M. sodalicitus, M. barberi, and M 
angustatus) labeled “‘under  straw- 
‘in peach orchards” undoubtedly weré 


i the species ol 
most Trequent : 1d, 
at the bases of > dead 


leaves and other 


opecimens 


berries’ or 


ground litter 


also collected in 
Just what food members of the 
habitats has been a matter for specula- 
Jutler (1923) and Barber (i923) both 
iggest ed that they are predaceous because thev 
armed beneath with 

this in the 
lood suc k- 
observed 


subfamily find 


swollen fore femora 
I have never seen a 


coup (although both predation a 


case of 
nd b 
definitely . been 
though I have kept 
representing many 


ther in an aspirator 


1 


vertebrates have 
Cleradini), even 


} 
living specimens 


ing on 
in the 
dozens of 
species of megalonotines toge 
for a number of hours 

Many hings indicate that these insects feed on 
fallen seeds. Oncopeltus fasciatus (Dallas) (Lv- 
gaeinae) is commonly reared sole ‘ly on milkweed 
and water. Members of the genus Gastrodes 
are usually collected from the cones of 
conifers, where they may be feeding on 
Hoffman (1932) in a paper on the econom 
‘f the Lygaeidae, lists a great number of species of 
Oxycarenus that are pests of 
‘otton, many of specifically 
feeding on the seeds of the cotton plant He 
notes sunflower seed heads, millet heads, har- 
vested ssetls of Sesamum indicum and the fruits 
of a number of plants as the food of various 


seeds 


seeds 


ic Status 


(Oxveareninae) 


which are noted as 


various. 


Ve i] o | 


eI merica 
Iweaeids. The 
me the 
Maxwell-Lefrov ( 
sordidus (Pabr.) (now 
in India mentions that the species has 

found to infest threshing floors and te carry oft 
the wheat grains to the margins of the floor and 
hide them. What nourishment thev can extract 
from a drv wheat grain seems doubtful, unless 
their salivary excretion powers, but 
they earry off the grains so abundantly that the 


eultivators require to collect them ag 


mest account, and te 
mdicative, iS a 
1909) who tn writing on 


Rhy paros hromus sordidus) 


amusing 
at tement bn 


Aphanus 


most 


been 


° ' 
has solvent 


fore completion of this 
mber of ground-living megalonotines were 
‘ted alive for observatior Inelu ided were 
Ligvrocorits latimarginatus Barber, P. 
tristis Van Duzee, and Mailesonotus 
(Van Dr Thev were placed in a 
with some of the 
a small vial of water stoppered with cotton 
Malezonotus were sh 
transferred to a separate dish 
The Ligvrocoris, unidentifiab 
eollected, probed the soil with t 
slowly made their around the 
a seed was found (one kind was wile 


more ago and tl 


eritvechh us 


Zee) 
: : 3 
top soil trom their habit: 


specimens 


: 


t natures \ 
. . ' 
ne if x et nKS et 


wav dish 
probing became 
One individual 
between its 
with it. . They 
dry bird seeds 
that had been added to t} 
while and 
seemed to act similarly 
seen to be teeding on 
Malesonotus angustatus 


to observe because the 


was seen to 
and run 


fed on green grass seeds and 


' 
forelegs 
: 
aiso 
. 


(particula rlv broom corn millet) 


we dish. The / 


difficult to 


Peritrechus, 
smaller obser ve. 
and was also definitely 
seeds 

Was 


the difficult 
; 


individuals ran. around 


most 


ee poking into depressions and under bits of 


Finally one was seen feeding on 
1 herb, and 
Matings : 
ividuals were 1n the usual 
position, they alway madd 
obtuse angle with one another. Eventually 
nymphs appeared in the colony, but died 
It mav be of interest to note that there are only 
two abdominal glands in nymphs of this 
the anterior one 
recently, I have observed the 
additional megalonotines feeding on seeds 
lonotus chiragra var. californicus (Van Duzee), 
Plinthisis sp., Emblethis vicarius Horvath, and 
Scolopostethus thomsonit Reuther. The Plinthtists 
and Peritrechus both laid-eggs which were success- 
fully reared to adults 
‘The above observations show that some mem- 
bers of the.subfamilv will definitely feed on seeds. 
It remains to be demonstrated whether seeds are 
the prime item in the diet of these insects, and if 
they are what preferences the various species 
have. 


leaf and twigs 
the Arie | ead of a 
oan 

and while in 


another on a 
seed were. fre 
quent, 
a bre 


cits to-end Ss formed 


SOOT) 


scent 
species, be Ing absent 
Quite tollowiny 


Me ge 
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lalecomotus Barbes 


26: 54-7; Barber \ OOS! 
Heteroptera of E ner., $25 
14d Ames M | 3 HO 85 I 
146, Ent. Ames 


+ : 
lateral 


3 ? 
between 


to or slightly greater ith with 


lateral nary hgntls FOUN elavus with 


: 
three rows etur middle row tending 


‘ ' 
toward 3trregularitv; corm 
scattered 
: 
ate along costal 
. 


- ne 
CONCOLOTOUS Wit 


darker tha than disk. Fore 
femora th sing row of 2 nore than sin 
ventral -spines ; laf r only slightly 

. 


eurved bdomtnal spiracles ventral except those 


; 


Type 


rutipes Sta 
TOTS) 


’ 
ert, Se 


Trapesenotus 3 

? ‘i - 

eloselv 1% 

mMawnv Tes; 

of spines 
present ts 

five or more 

the hind lobk 


as these of the hemelytra. The posterior lobe of 


wnusual 


~pronotum are s 
’ 


the pronotun most often 


t 


anterior | t 


posterior margin sinuatel 
t before the median part 
scutellum. The veins of the membrane 
Ilv paler than the disk 

‘he genus Malesonotus is divisible into two 


S} IOCTOS 


nthe kev below. This division 1s clearly shown 


by differences in the parameres (Figs. 9-14). In 


rroups as indicated by the first couplet 
} 


the M. angustatus group (Figs. 9, 10) the para- 
meres have at broad r blade, and the depression 
on. the distal shank process at the base of the 
blade is dorsal. In the M. rutipes group the 
blade ts narrower, and the depression ts lateral 
Somewhat less relable characters are to be found 
nthe fore femora. The twe members of the M 
angustatus group have more incrassate fore femora, 
armed with more spines beneath, while the five 
members of the Mo runpes group have less 


Trapeson: 
Hand! 
Bull. U 
List Hemi 
Nearctic 
Check Li 
Duzee 

2: 193 


Valesonotus 
Sec. 26 4-6; Barb 
1926, Heterop. East 


Wilbur, 1944, Jour. Kans 


Buene (part fascosws Bart 


ae 
sores 
gills 


neustatus 


barberi 


- : 3 
wVeG, Ga 


Qo epnorie 


sodalicius 
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ezonotus soldalicit ste Barber IDIS, Jour 


part 
w York Ent. Soc. 26: 55 

conotus sodalicius, Blatchley (part 
N. Amer., $25; Froeschner 
Amer. Midland Nat. 31: 644, 

, 1946, Ent. Amer. 26: 115 
A aeenee memes species, elongate 
_ dist inguished by its pale clavus, which ts 
punctures and the extreme only, 
le presence of Only One or twe spines on 


femora. This always 


1926 Heterop. 


miside ome ica 


Bueno 


tion 


665; Torre 


oval in out- 
base 
tore species is 
macropterous 
Head closel\ and | 
appressed white = ngth, 
m., in rela a 0.55 mm.; 
nt IV longer than II, lengths: 1, 
.59 mm.; ITT, 0.50 mm.; IV, 0.71 
tie 7 0.39 mm.; II, 
25 mm.; IV, 0.24 mm. Pro- 
notum punctate throughout, slightly 
more so On posterior lobe, sparsely covered with 
white pilosity, trapezoidal, 
shightly rounded anteriorly, depression 
between lobes obscure; median 1, 0.83 mm 
greatest let 0.98 mm., width, 1.36 mm 
Scutellum punctate, sparsely covered 
with appressed white pilosity; length, 0.84 mm., 
0.82 mm. Hemelytra with minute hair in 
corium with posterior margin 
just or not attaining 
Abdomen 
white pilosity on connexivum, TY on 
gites VI and VII (VI, VII, and VIII in 
and all ventral segments hers fe mora iad ceatady 
incrassate, length, 0.89 mm., width, 0.35 mm.; 
armed beneath with small preapical spine, 
sometimes preceded basally by a second minute 
spine. Paramere of male Fig. 11 
Proximal segments labial sey- 
ments, acetabula, and legs, flavotestaceous. Apex 
of third, and entire fourth antennal segment 
somewhat darker. Explanate lateral margin 
prothorax pale .flavotestaceous; hind angles and 
narrow posterior margin of pronotum castaneous 
Hemelytra with clavus pale flavotestaceous, 
fuscous at extreme base and on punctures; cor1um 
with fuscous medial triangular area delimited by 
posterior margin and posterior one-third of second 
‘ punctures from claval suture, vein R+M 
little, if at all, darkened, never black to base; 
1embrane white with large brown discoidal area, 
veins darker, prominent. Remaining parts black. 
wth, 3.6-4.4 mm., width, 1.4 
ith, 4.0-4.8 mm., width, 1.6 


h sparse 
0.74 mm., 


wee ctate, 


osbcurely 
appre ssed sides 
raight, 
° 
igth, 
obs« urel\ 


1 


width, 

‘mbrane quit 
with appressed 
ter- 


emale), 


one 


as 1n 


‘ 
three antennal 


s of 


row ol 


male, let 
- female, let 


' Dr. René Malaise kindly loaned Stal’s 
syntypic series of this species to the author. All 
three specimens are labeled ‘“Texas’’. One spect- 
men. has an additional handwritten label, “‘rufi pes 
Stal,’ and a third, ‘“Typus” printed on a red 
card. The other two specimens have second 
labels reading ‘‘Belfrage’’ and a label 


bottom 
reading “‘Paratypus” printed on a red eard. The 


America Ve WO] 
specimen labeled “Typus”’, a male, ts hereby 
selected as the le totype and 1s deposited in the 
Naturhistoriska Riksmuseum,  Entomologiska 
Avdelningen, Stockholm, Sweden. Dr. Malaise 
informed me that the red **Typus” and ‘Para- 
typus” labels) were placed on the specimens 
within the past few vears, .geonaac' by himself 

Specimens examined ot which 
16 are males and 39 females, all mac ropterous 

Distribution: Virgini Loutsiana, Arka 
Missourt, Nansas, Oklahor Texas, and Arizona 
The localities are scattered through the southern 
United States, from the Appalachian Mountains 
and the southern Mississippi Ri 
west to the mountains ot t 
Reeords trom New Jerse. shou ld be 
M. fuscosus Barber 

There 
about the correct 
Stal deseribed the 
with 


species has 


speein lems, 


TNs, 


areas 


ver drainage 
1 


Arizona 


reterr d fea 


southeastern 


has been some confusion in the past 


identity of this species Dee ause 
fore femora as being armed 
spines beneath, while in actuahty the 
only one or twe. The specimen i: 
Stal’s tvpe series bearing the “Typus” 
appear to have three spines on one fore femur, 
but the specimen is greasy, and the extra spine 


proved upon investigation to be an a 


three 
. 


label ck wos 


rtifact 


Malezonotus fuscosus Barbe: 
Picures 3, 12 


, ISO, Geel 
914, Jour. New 


Sarr 


"Ne “ 
York Ent 


1 a pecomotis 
ler ev 2(2 od; arber, 
soc. 22: 170 
Ne Ww Jer ey 
he rsev) p 144 


isticus rufipes, Smith, 110, Ann. Rept 

. Mus. 1909 (Inseets of New 
Malesonotus fuscesus Barber, WS, Jour. New York Ent 

Soe. 26: 56; Blatchley, 1926, Heterop. East. N. Amer., 

p $25-6; Barber in Leonard, 1928, Cornell Unity Agr. 

Exp. Sta. Mem. 101 (Inseets of New York) p. 98; 

Torre-Buene, 1946, Ent 1 Ho 
Malecsonotus rufipes, Vorre-Bue part), Ent 

Amer. 26: 115 

This speetes ts of the size and tormoot Mo rut pes, 
but the hemelvtra, including the membrane, are 
infuseated. The unlike M. ruti pes, 
oceurs in both the brachvpterous and raecrap- 
terous forms 

Head lightly punctate, with sparse, appressed 
white pilosity on vertex; Jength, O.76 > mm., 
width, 0.97 mm., tnterecular O.62 mm.; 
antennal segment IV longer than II, lengths: I, 
0.27 mm.; IT, 0.64 mm.; IIT, 0.54 mm.; IV, 0.76 
mm.; labial segment lengths: I, 0.51 mm.; II, 
0.51 mm: 111, 0:35 mm.; 1V, 0.30 mm. Pro 
notum obscurely punctate on posterior lobe, with 
sparse pale appressed hairs, trapezoidal, lateral 
margins straight, slightly rounded anteriorly, 
obscurely depressed between lobes; median length, 
0.92 mm., greatest length, 1.06 mm., width, 1.48 
mm. . Scutellum with scattered light punctures, 
sparse appressed pile; length, 0.91 mm., width, 
0.92 mm. Hemelvtra with minute hair in each 
puncture, corum with posterior margin straight, 
membrane in brachypterous form reaching apes 
of sixth abdominal segment. lddomen with 


140, 


S} CCICS, 


space, 
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ee 
| 
I 


appressed white pilesits ventrally on the con- 
nexivum, and on tergites VI and VII (VI, VII, 
and VIII} in the female}. Fore femora moderately 
incrassate, length, 0.96 mm., width, 0.37 mm.; 
armed beneath with one or two small subdistal 
spines, asin Mo rus pes.  Paramere of male as im 
Fig. 12 

Proximal three antennal segments (except apex 


of third), labrum, legs, and acetabula, fl 


Pie 1 Malecomotus rattpes (Stal 


testaceous. Fourth and apteal halt of third 
antennal segment somewhat darker. Explanate 
lateral margins of pronetum  flavetestaceous 
Hind angles and narrow posterior margin of 
pronotum, castaneous.  Hemelytra with elavus 


and eortum tuscous, heceming Tuscotestaceous 
laterally; membrane tuscous, vers net prominent 
Remaining parts black 


Size 

1.6 mm.; fen 

1S mm 
Type 

sifting 

States Nati 

her 62516 
Specimens examin 


: ‘ 
and 4 brachy 


Ivpe ser 
Distribution: New Jersev. New 
localities are from central Ne w Jerse 


Island, New Y rl 
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Malezonotus sodalicius (Uhler} 


FIGURES 4, 13 
The r, IS75, Wheeler's Surv. 10th 
IS86, Check-List Hemip 

5; Uhler, 1893, Proce. Ent. Soc 


Nearetic 
1910, Trans 
1916, Check Lest 


anks, 1910, Cat 
: la Duzee, 
75; Van Duzee. 
N. of México p. 22 
, Woodworth, 
261; Van Duzee. 
2:9: Van Duzee, 
234; Van Duzec 
a Viat Duzee, 
ati ‘ 2: 190 
Barber 19IS Psvehe 25: 83; 
Papers, Mus. Zool. Univ. Micht 
gan (71 17; Blatchley art rufipes Stal 1926, 
Heterop. East. N. Amer. p. 425; Downes, 1927, Proc 
Ent. Soc. Brit. Columbia 1927 (23): 9; Torre-Buene 
rufipes Stal), 1946, Ex Amer. 26: 115 


I9IS, 


Amer 
LYOWIUMS 1O13, Guide 
1914, Trans. 
1916, Unis 
1917, Proc 


1917, Uniy 


SOdQLTCI Si¢ 


Loy ue 
MUS SOdatICtusS, 


e 1919, Occa 


Jour. New 


Harris & Shull, 1944, lows 


205 


LLiCUS ST¢ 


Jour Sci. 18 
to M 
may be 
the 


base, 


rufipes, but averaging slightly 
recognized by the black bar 
vein on the corium that ts 
and usually by the greater 
number of spines (three to five) on the 
femora. This like the preceding 
occurs in both the macropterous and brachypter- 
this situation, however, ts discussed at 
length below. tes 
Head obscurely punctate, sparsely covered with 
short appressed white hairs; width, 0.97 mm., 
length, 0.87 mm., interocular space, 0.60 mm.; 
antennal segments variable, IV equal to or longer 
than II, lengths: I, 0.30 mm.; II, 0.72 1 
0.65 mm.: IV, O.S1 mm.; labial 
I, 0.54 mm.; II, 0.54 mm.: III, 0.35 
",0.29mm. Pronotum obscurely punctate 
yn posterior lobe, with sparse appressed white 
trapezoidal, straight to obscurely 
sinuate, rounded anteriorly, obscurely 
depressed between I bes: macropterous examples 
median length, 0.94 mm., greatest length, 1.11 
width, 1.50 mm.; brachypterous examples 
n length, O.S7 length, 1.01- 
mm., width, 1.34 Scutellum obscurely 
punctate to rugose, with sparse appressed white 
hairs; length, 0.92 mm., width, 0.89 mm. Hemelvy- 
tra with clavus and corium sparsely covered with 
subappressed hairs; corium with posterior margin 


clavus, 


fore 
species, one, 


ous torms; 


segmen 


( 
hairs, sides 


slightly 


greatest 


mm 


straight; membrane of macropterous form attain- 


ing apex of abdomen, or brachypterous form mid- 
way on lbdomen witl 

white hairs ventrally, on connexivum and tergites 
VI and VII (VI, VII, and VIII in female). Fore 
femora moderately incrassate, length, 1.07 mm., 
width, 0.39 mm.; armed beneath with three to 
five spines, rarely with two, when five 
present, subapical spine minute, next basally 
largest, remaining size basally. 
Paramere of male as in Fig. 13 


appressed 


segment VI] 
l 


one or 


decreasing in 


ter ° 
; posterior 


.Mississippi, and Virginia 


Vol. 5 


Proximal three antennal segments (except apex 
ef third), legs, acetabula, and labtum, dark 
castaneous; fourth and apex of third antennal 
segments, - slightly Explanate lateral 
margins of pronotum, pale testaceous; posterior 
margin narrowly, and = posterior angles 
broadly, castaneous. Hemelytra with 
pale testaceous, punctures and bar adjacent to 
scutell haltwav trom base, black; 


lum extending 
corium pale testaceous, with tuscous medial tri 


darker 


more 


elavus 


angular area delimited by posterior margin and 
one-half of second row ot punctures 
clavus; vein R+-M dark brown to black for 
entire length; membrane white, with brown dis 


veins prominent 


trom 


coidal area, Remainin 
: ? 

} HaCH 
Size 

] ter 


width, 1 : 
1 1.6mm 


V ia, 


3.6-5.1 (1.4 


Lo mm 


yey) 9 
tithi 


Type 
sodalictus, two specimens have been found in the 
United States National Museum which fit his 
deseription. These are both macropterous males, 
labeled “Va City, Nevada ] 
labels were placed on the specimens which read 
“Type No. 25690, U.S. N. M.°. and **Paratype. 
No. 25690, U. S. N. M.”’ Since the “type” Ss 
the better specimen of the two, opportunity ts 
taken here to seleet this speetmen as the lectot Vpe 

Specimens examined: 213 specimens, of which 
OS are macropterous 15) brachvpterous 
males, 126 macropterous females, and 19 brachyp- 
terous females 

Distribution: Caltornia, Oregon, Washington, 
{daho, Nevada, Utah, Wyoming, and Colorado 
The localities are throughout the Coast 
the Sierra Nevadas, and Seattered points in the 
Rocky Mountains. Records from Texas, Missourt, 
should be referred to 


Ot Uhler’s svntvpte series of Megalonotus 


Subsequently, red 


males, 


> 
Range. 


M rut pes (Stal). 

Generally when members of the Megaloneotinae 
exist in both macropterous and brachypterous 
forms, the brachypterous form ts the more. com- 
mon. In this species the reverse seems to be 
true. An analysis of the distributional data 
shows that ne brachypterous individuals, with 
one exception, have been collected in the moun- 
tains along the Pacific coast, even though the 
greatest number of specimens available for study 
are from this region. However, the author has 
collected a series from Logan Canyon, Utah, in 
which there were twelve brachyvpterous examples 
and only two macropterous ones, and E. P. Van 
Duzee collected a series from Truckee, California, 
of which six were brachypterous and one macrop- 
terous. In specific collections, then, the brachyp 
terous form of this species mav be the more 
common to be collected 

It should also be pointed out that the brachyp- 
terous form of this species tends toe be smaller 


than the macropterous one. In the brachyp- 
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terous specimens avatlable from the imland  Pronotum 
mountains, the males range from 3.2 to 3.6mm... moderatels 
the females trom 3.7 to 4.4 mm., while in all of | median 
the macropterous specimens the males range from 
3.6 to 4.7 mm., and the females from 4.1 to 5.1 
mm 
The aforementioned exce ption to the statement 
that only the macropterous form occurs in the 
mountains of the Pacific coast, 1s a small series of 
brachypterous specimens.-two males and one 
temale collected by R. H. Beamer at Campo, 
Californta (near. the Mexican border in San 
Diego County). These brachypterous specimens 
are pe uliar for two reasons First, thev are the 
only specimens with fore femora each armed with 
a single spine, and second, they are extremely 
small, one male measuring 2.8 mm., and the 
other 2.0 mm., and the female, 3.6 mm 


Apparently, then. Malezonotus sodalictus 1s 
divided into. three separate populations the 
coastal macropterous, the inland brachypterous 


1: 


-ae 
eth ita 


brachypterous population. It is possible that 


lacropterous, and the Campo, California 


) 
ti 


these three populations are full species, in which 
case the coastal macropterous form could occur 
svmpatrically with the inland mountain form 
No way was found to separate the coastal m 
terous individuals from any of the inland macri 
terous individuals. The spines of the fore femora 
are too variable in M. sodalicius to permit separa- 
tion of the Campo, California individuals, 
the only other character in this inadequately 
known population 1s size. Variation in the 
antennae indicated in the above description 
occurred within a single collection of the coastal 
form, and the parameres of males trom each of 
the populations were compared and were found 
to be identical 

I teel that no conerete conclusions on 
number of species invelved can be drawn trom 
the available evidence. For this reason, I believe 
it best simply to point out the problem. Final 
qudgment must be deferred until such time as 


Inologieal studies are possible 


Malezonotus grossus Van Duzee 

; Pioures 3, i 

Val conotus grossus Van Duzee, 1935, Pan-Pacttie Ent 
28-9: Torre-Buene, 1946, Ent. Amer. 26: 116 

This ts the largest species of the genus, and has 
the general form and appearance of M. sodalicius 
Its large size, black femora, and pale spot near 
the hind inner angle of the cortum will distinguish 
the species from all others of the genus. This 
species has been tound in) the macropterous 
condition onls 

Head obscurely punctate, sparsely covered with 
appressed golden pile; length, 1.14 mm., width, 
1.25mm., interocularspace, 0.S4mm. antennal seg- 
ment IV equal to or shorter than II, lengths: IT, Ficurt s 3-8 
0.42 mm.; II, 1.04 mm; III, 0.90 mm.; IV, 0.97 5. eenypiens. 
mm.; labial segment lengths: [, 0.67 mm; po 6. 
I.; 0.64 mm.; TT, 0.54 mm.; IV, 042 mm. so 
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») 2() 


, - Ixy 
moderately 


mm. Scutellum obscurely 
with subappressed 
. width, 1.30 mm. 
arsely covered with semierect golden 
or completely covering the abdomen, 
straight. Abdomen with 
pilosity ventrally, on the con- 
tergites VI and VII (VI, VII 
ale). Fore femora moderately 
51 mm., width, 0.50 mm., 
eath with one large subapical 
basally by one or two small 
as in Fig. 14 
acetabula, trochanters, 
tibiae, tarsi and labium, dark 
Explanate lateral margins, narrow 
and hind pronotum, 
pale castaneous, with triangular 
area delimited by posterior margin and posterior 
three-fourths of eclaval suture, including a pale 
r hind angle; membrane 
discoidal area darker, veins dis- 
cernable. Remaining parts black. 
Size: male, 5.1 mm., width, 1.9 
2.0 mm.; f mm., width, 
2.2—2.4 mm 
Type Sequoia 
Potwisha, June 13, 
California Academy otf 
Specimens examined 
all macropterous, including the 
paratypes. 
Distribution: C 
California 


near Li S 


vidth, 
pil SC 


1 1 » 
) a, lor) 7 ) ) 
airs; length, 1.34 mm 


t coriun 


preceded 
Paramere of male 


segments, 


t mnal 
MLCTiTlal 


1 
femora, 


apices ol 
castaneous 
angle s of 


fuscous medial 


pt sterior margin 


castaneous spot near inne 


pale Castaneous, 


- 4 ep 
2.0-0.3 


Natl. Park, 
1929, E. C 
s« ences, 


2000-5000 ft 
Van Dyke; 
T ype No. 4076 
t males and 14 females, 
tvpe and eleven 


The 
mountains 
Park, and 
The single 
the 


alifornia and Oregon 
specimens are from the 
Angeles, Sequoia National 
the Sierra Nevadas in Butte County 
g specimen is from Mt. Hood, in 
northern part of the state 
The males of this species have not hitherto been 
ized, probs es because they are within the 
size range ‘of females of M. sodali ius, which thes 


resemble quit ly 


(Jregon 


recog! 


e close 


Malezonotus arcuatus, new species 
(Fic. 6 


Related to M rufi pes, and of about the same 
size and appearance as M. sodalicius. Distin- 
guishable from all other members of the genus 
by the greater extent of the dark areas on the 
corium and by the arcuate posterior margin of 
the corium 

Head lightly 
white pile; length, 0.90 
interocular space, 0.64 mm.; antennal segment 
II subequal to IV, lengths: I, 0.34 mm.; II, 
0.92 mm.; III, 0.73 mm.; IV, 0.90 mm.; labial 
segment lengths; I, 0.5S mm.; II, 0.63 mm.; 
ITI, 0.41 mm.; IV, 0.36 mm. Pronotum obscurely 
punctate on posterior lobe, with very 
appressed white hairs, trapezoidal, sides straight 
or obscurely sinuate, slightly rounded anteriorly, 
slightly depressed between lobes; median length, 


sparse appre ssed 
mm., ak 1.00 mm.. 


punctate, with s 


sparse 
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America 

1.04 mm., greatest length, 1.26 mm., width, 1.66 
mm. Scutellum finely punctate, with appressed 
white hairs, slight tly elevated basally; ler igth, LOU 
mm., width, 1.00 mm Hemelytra completely 
covering the abdomen, with a minute hair in 
each puncture, posterior ‘margin of corium 
strongly curved into membrane lhbdomen with 
appressed white pilosity. ventrally, on the 
nexivum, and on tergites VI, VII, and VIII 
(Males, when found, undoubtedly as in other 
species.) Fore femora moderately inerassate, 
length, 1.24 mm., width, 0.38 mm., armed 
beneath with one moderate subapical spine, pre- 
ceded basally by two minut ; 

Proximal two antennal legs and 
labium, eastaneous, distal two antennal segments 
somewhat darker. Explanate lateral margins of 
pronotum and  acetabula dark . castaneous 
Hemelvtra with corium hght testaceous anteriorly 
and along claval suture, posterior black, 
extending nearly halfway up costal margin and 
along vein -R-+M_ nearly elavus light 
testaceous, with punetures and a bar next to 
ee extending halfwav down. from 

Mack; membrane white, with posterior discoidal 
area dark brown, veins prominent. Remaining 
parts black 

Size temale, 
width, 2.0 mm Ee 

Holotype: macropterous female, Mt. Raimier, 
above 6000 ft., Washington VITI-1S-1927, C. R 
Crosby, United States National Museum, Cata- 
Number 63180. Deseribed from three 
macropterous females. 

Par: itvpes Washington Paradise Vallev, Vil 
17-1920, E. C. Van Dyke; British Columbia, 
Kaslo Creek, VI-IS, A. M. Caudell Deposited 
in the United States National Museum and the 
California Academy of Sciences. 


cone 


e spines 


segments, 


area 
to base; 


base, 


length, 3.8 mm. (5.0-5.5 mm.), 


, 
logue 


Malezonotus barberi, new species 
: (Fiaures 2, 8, 10 


This species is most closely related to M 
angustatus, although it is smaller and less diverse 
than that In the brachypterous form 
it may be distinguished from all other species by 
the length of the hemelvtra, and in the macrop- 
terous form by the color pattern of the hemely- 
tra (Fig. 8), and by the presence of a spine in the 
basal quarter of the fore femora 

Head punctate, with appressed golden pile; 
length, 0.66 mm... width, 0.77 mm., interocular. 
space, 0.48 mm.; antennal segment IV longer 
than II, lengths: I, 0.25 mm.; Il, 0.59 mm.; 
HI, 0.49 mm.; IV, 0.64 mm.; labial segment 
lengths: I, 0.42 mm.; I], 0.44 mm.; HI, 0.34 
mm.; IV, 0.30 mm. Pronotum impunctate, 
sparsely pilose with appressed golden hairs; in 
macropterous form trapezoidal, sides faintly 
sinuate, lightly depressed between lobes; medial 
length, O.S6 mm., greatest length, 1.02mm., width, 
140 mm.; in brachypterous form sides nearly par- 


S} ECIES 





Ashlock: Revision of the Genus Maletonoties 
straight, slightly rounded anteriorly, de- 
pression between lobes obscure; median length, 0.76 
mm., greatest length, O.S6.mm., width, 1.12 mm 
Scutellum obseurely punctate with sparse golden 
pile; length, 0.67 mm., width, 0.67 mm. Hemelytra 
with minute hair in each puncture; in macropter 
ous form completely covering the abdomen, el 
suture present; in brachvpterous form 
lony as exposed part of abdomen, attaining t 
IV. claval suture absent, membrane short, 
than one-half the length of apical argin of 
corium; apical margin of corium straigh lade. 
men with appressed golden pile ventrally, on cons 
nexivum, and on tergite IV through VIT CIV 
through VIII in female). Fore femora greath 
incrassate, length, 1.00 mm., width, 0.40 mm 
armed beneath with four large evenly spacec 
spines, including one within basal quarter, an 
two minute subdistal spines.in addition.  Pavra- . 
mere of male as in Fig. 10 

Proximal three ant 
bula, and labium, castaneous, fourth and apex ot 
third antennal segment somewhat darker. Ex- 


planate lateral margins and narrow posterior 


' ee eee 
ennal segments, legs, aceta- 


margin of pronotum dark castaneous. Hemelvtra 


with corium testaceous along costal margin, and 
eceasionally along claval suture; clavu 


i and 


© 
remainder of corium dark castaneous to blacl 


y 
: 
tnembrane predominantly black, narrowly pale 
° 
2 


nargined. Remaining parts black 
Size: male, length, 3.7 
width, 1.4 mm.; female, lengt! 
tim.), width, 1.5 mm 
Holotvpe: Brachvpterous male, Strawberry, 
Tuolumne Co., California, VIT-13-1957, P. D 
Ashlock, deposited in the California Academy ot 
Sciences. Described from a series of 9S spect- 
mens; | macropterous and 55) brachypterous 
males, To omacropterous and 400 brachvpterous 
females 
Paratypes: CALIFORNIA] Same data as hole 
type, 29°, 179: Truckee, ic’, 39°, A 
Van Duzee; Truckee, Ic’, lt 
Van Duzee; Truckee, 19, 14 
( an Duzee; Echo Summit, L. Tahoe, 
19, IX 20-1 Ly evin; Cold Sp Mead., 
15 mt. N. E. of The Pines, elev. 7200 ft.. Madera 
Co., Re Lee VIT-27-1934, F E Blaisdell; 
Huntington Lake, 7000 ft-. Fresno Coe.. 2°, 
VII-9-1919, F. E. Blatsdell; Strawberry Val... 
Eldorado Co., 19. VITI-16-1912, E. C. Van. Sadi osatlgarty ir 
Dvke; Manzanita Lake, Lassen Nat. Park, 19. b 10 Vv : i 
I] 20 141, J R Fisher OREGON Klamath PeSCOSUS Barbee 
Falls, above Geary Ranch, 1°, [V-238-1953, tn grossus Van. D 
ants’ nest, J. Schuh. Nevapa: no other data, 
: 0 1acropterous; Virginta City, bo’, 
dha Mag egy 7s >. V1 : ce Malezonotus aaeetas \ 
under grasses, Po Do Ashlock. Utam . East eaeUneen Sx'¥ 
Canven Dam, Morgan Co., 607,29, VI-27-1954, 4 
PD. Ashlock.  Tbantes Roek Creek Can., Cassa Califernia Puls? 
Co. 32, VI-13-1954, P. D. Ashlock. Deposited ve Fe SRaents i 
nthe United States National Museum, the Cah 1917, Univ. 
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1918, Jour. New York 
'arshley , 1919, Occas Papers, Mus 

(71): 17; Downes, 1927, Proc 
Ent. Soc. Brit. ¢ ‘lum: a 1927 (23): 9; Harris & Shull. 
1944, Iowa State Col Jour. Sci. 18: 204; Torre-Bueno 
1946, En 26: 116 . 


Malezonotus angustatus, Barber, 
Ent. Soc. 26: 55 jSe 


Zool. Univ. Micl 


narrow species that is by far 
in the genus. It mav easily be 
reddish, or ferrugineous color 
of the clavus and corium, and by the black 
lateral margins of the prothorax. This species, 
like the preceding, occurs in both macropterous 


This is a long, 
the most diverse 
recognized by the 


ind brachypterous forms. 

Head obscurely punctate to rugose, without or 
nearly without pile on vertex; length. 0.75 mm., 
width, 0.98 mm., interocular space, 0.54 mm.; 
antennal segment IV longer than II, lengths: 
I 0.34 mm.: 1], 0.75 mm.::- Til, 0:70 mm.: IV, 
0.82 mm., labial segment lengths: I, 0.50 mm.:; 
Il, 045 mm.; III, 0.30 mm.; IV, 0.30 mm 
Pronotum without pilosity, lightly punctate on 
in macropterous form, trapezoidal, 
lateral margins sinuate. rounded anteriorly; 
median length, 1.00 mm.. greatest length, 1.22 
mm., width, 1.50 mm.; brachypterous form with 
sides ne parallel, nearly straight, median 
length, 0.94 mm., greatest length, 1.10 mm., 
width, 1.32 mm. Scutellum with scattered, light 
punctures, ‘without or nearly without pilosity; 
length, 0.75 mm., width, 0.67 mm. Hemelytra 
with minute hairs in each puncture, costal 
lightly eurved, membrane of macropterous form 
extending nearly to apex ef abdomen, of brachyp- 


pe sterior lol je. 


ari: 
‘aTi\ 


margin 


terous form to middle er posterior margin of sixth 
abdominal segment, claval suture always present 
Abdomen with appressed golden pile ventrally, on 
connexivum, and on tergites IV through VII 
(IV through VIII in female). Fore femora 
greatly incrassate; length, 1.20 mm., width, 0.42 
mm., armed with three or four spines beneath, 
the most distal the largest, snaiaie in size 
basally, without a spine in basal quarter. Para- 
mere of male as in Fig. 9 
Proximal two antennal 
legs (except tarsi), and 
labium, castaneous. Remaining segments of 
antennae,‘ tarsi and posterior tibiae, black. 
Explanate lateral margins of prothorax concolor- 
ous with disk, posterior margin sometimes nar- 
rowly ferrugineous. Hemelytra with corium and 
clavus ferrugineous, infuscated, ex- 


segments, acetabula, 


posterior tibiae and 


oeceasionally 


Annals Entomological Society of 


‘and the 


America 1Ve 1. 
cept white narrowly on claval suture, and more 
broadly along anterior half of costal margin; 
membrane basally white, medially black, . and 
often white apically. Remaining parts black 

Size: male, aes a 5.0 mm., width, 1.3 
1.5 mm.; female, length, 4.6-5.3 mm., width, 1.5 
1.7 mn 

Type: 


has beer 


Part of Van Duzee’s syntypic series 
} a ble for study through the kindness 
of Dr. W. L. Brown, Jr. of the Museum of Com: 
parative eeiier A brachypterous female labeled 
“Vict.” and “M.C.Z. Type 22797,” has 
selected as the lectotvpe, and has been deposited 
in the Museum of Comparative Zoology, Cam- 
bridge, Massachusetts 

Specimens examined 
$f are macropterous and 41 are 
males, 10 macropterous and 49 
temales 

Distribution: British Columbia, W ashington, 
California, Idaho, Utah. trom 
Victoria, British Columbia, south through western 
Washington and northwestern Oregon to the 
Sierra Nevadas of California, to Fresne County, 
Coast Range from Marm County south 
to southwestern San Bernardino County.  Addi- 
tional scattered records are from Moscow and 
southwestern C: County, Idaho; and Logan, 
Cache County, Kamas, Summit County, 


Utah 


be CT) 


104 specimens of which 


brag hy pter 1S 
brachs pter 1S 


La walities are 


iSsta 


and 
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EGGS OF FLOODWATER MOSQUITOES (DIPTERA: CULICIDAE) V. 
EFFECT OF OXYGEN ON HATCHING OF INTACT EGGS 


WILLTAM Ro HORSFALL. PATRICK M. LUM,? ann L. M 
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TABLE 1 


Errect oF RepucED ATMOSPHERIC OXYGEN ON THE HATCHABILITY OF SUBMERGED 
EGGs OF VARIOUS SPECIES OF FLOODWATER 
MOosQvUITOES IN THE LABORATORY, 1956 


GENERATIONS ATMOSPHERIE EGGs Eacs Harcnep 
SPECIES ANNUALLY OXYGEN || TREATED , 


Number Percent Numbe Num! Percent 


, 5 . . : 7. e . 
Psorophora confinnts Multiple 1p: - 30 Is os 


P. ferox Multiple 1p. _ 30 25 ¥ S30 


oe? 
Aedes adupreet Multiple Ww 30 25 - §3 
1. atlanticus . Multiple 10 30 } 26 
A. trivitt Multiple " 10 30 
A. vexans , Multiple we 30 
1. fitchit 1 e 1 30 
1. stimulans E le 10 60 
1. canadensts : Sing] 10 60 


rABLE II 


INCUBATION INTERVAL FoR EGGs or 2 Species or Aedes ata 
CONSTANT TEMPERATURE OF 25° IN: LABORATORY, 1056 


Aedes trivittatus wledes venans 


Evy 7 LPS Dz ne Eyy- 4 Evy: hate hed 
treated treated 


Numbe Sum} , Number . Number Percent 
10 Ww 0 0 
10 ‘ Ww - a a0 
30 ( Ww 3s LA 


TABLE I] 


EFFEC 1 OF PROGRESSIVE Repre TION «oF Armosput RIC OOXNVGEN ON THE Hoare HWARILGTY co 
OLD EGGs or Aedes trivitiatus EXposep AFTER 6 Days at 25° CIN Lanoratory, 1956 


. PERCENTAGE OF EGos Harcnrep in 30 Minuies at Eacu Lever 

NUMBER 

Lot OF EGGs 
TREATED aa : 

. 14% O2 | 12% O2 | 10% O, | 8% O2 | 6% O» | 4% Oe | 2% On | OF 


- ¢ ‘ 


O | Total 
29 3 4 i 6b 0 oO 
28 36. | 36 0 MW 0 0 
30 53 13 26 , 0 On 
28 2 ‘ yy 21 ' OS 
30 phe SO ; 0 S6 
30 S: 0 S3 
30 | a4 4 


TABLE IV- a eer TABLE V 


TIME REQUIRED TO CONDITION EGGs OF A. trivittatius Errecr or Repucep ATMOSPHERIC ONVGEN ON THe 
aT 25° Cl aN LABORATORY, 1956 HATCHABILITY OF EGGs OF Aedes trivittatus EXPOSED 
; ON A DRY SURFACE IN AN ATMOSPHERE SATURATED * 
With Water VarPor IN LABORATORY, 1956 


‘ a IGG “ 
DAYs At EGe6s TREATED EGoGs Harcnet 
25°C, - Number lieteeeiiaiiins 


ATMOSPHERE 


Number Percent Eoes TrReatep Eous Harcnep 
Number 


Number — Percent 


90 : ! , 1! Percent 
“0 38 12 . 


60 57 95 ; 30 27 0 


60 . 5l SS ; 30 25 S3 


“30 - we ah 
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TABLE VI 


Errect OF VOLUME or- 


HATCHING OF EGGs or 


EGGs 
TREATED 


VOLUME 
OF WATER 


Microlhit Number 


30 
30 


lock resembles those used in play- 

ing dominoes, thus suggesting the name domino 
pplied to them hereafter Hate hing chambers 
which dominoes were placed were made of 
vlass ti tbes bearing stopcoc ks at each end (fig Ib). 
Each chamber is a tube made with a *%24/40 
standard taper glass joint” and 1s closed at each 
end with a number-two stopcock. Leakage of 
atmospheres was minimized by sealing all 
and by holding the 
tightly together by 


ace 


test 

joints with stopcock grease 

parts of the chamber 
means Of springs 

Atmospheres containing any desired percentage 

‘of oxygen were prepi red in the apparatus shown 

l ar id 2: The appari itus con sist Ss ot at 

(the mixing « oad bv 

tubes to (1) a vacuum pump at A, (2) a manom- 

eter B, (3) a nitrogen tank at D, (4) a water 

equalizer E through stopcock 4, (5) a hatching 


two 


cont ected 


PERCENTAGE OF EGGS HATCHED 


60 90 120 150 


DAYS OF 


The effeet of progressive reduction in the 
oxygen on the hatchability of 
Aedes trivittatus of various ages. Black 
ent the hatched 


Fic. 3. 
concentration of 
ditioned eggs of 
parts ol bars repres 


eon 


percentage of eggs 


A®RATED WATER IN A CLOSED SYSTEM ON THI 


Aedes tr: 


Rare on 
és, IN LABORATORY, 1956 


weilan 


PERCENTAGE OF EGos Hatcuep 


ot the 
tons, the 


water 


through stopeock 2) (0) air revo 
stopcock 4. Prior to 
mixing chamber was partly 
covered with a layer of mi 
deep. Air was mixed witht 
ehamber C as follows: Chamber C was evacuat 
by means of the vacuum pump until the mereury 
n of the manometer to 720 mm.- Air 
he room was introduced into the evacuated 
mixing chamber intake tube and: stop- 
cock 4 until the desired amount of oxygen was 
present as indicated on the manometer calibrated 
in. percent oxvgen. Nitrogen was then 
introduced from a evlinder until the total pressure 
in the mixing chamber was equal to one 
phere. Each in the mixing 
chamber was then passed sate a hatching chamber 
to replace the normal air at atmospheric pre 


ssure. 
This was done by replacing the atmosphere 


operat 


with 


tilled 
1 


rose 
trom 


through 


age ot 


atmos. 


test - atmosphere 


in the 
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SOME OBSERVATIONS ON THE MONTEREY PINE CONE BEETLE, 
CONOPHTHORUS RADIATAE HOPKINS 


(COLEOPTERA: SCOLYTIDAE)} 
HERBERT RUCKES, JR.t 


. Berke les 


are 
eonel 
remain in the brood cone: 


One ger ition of beetles 1 


° * . : . « 
q ¢ores oC > , ° tSriefire eeytonteaj the 2Ne* ¢ 
an 1 { i tl ‘ . radidiae wilestiny el CONTE 008 


‘Se 
LICS 3S a 


SEASONATL 
April 


HISTORY 


teristics 01 1 
; 
¢ * Soe ' . . 
q To. asc I eee 


pedunel 


Va mass of pit 


brid now bein; ntensively studied and 1 

1 Pinus attenuradiata cone nd 
Monter pine, bi 
‘parents of this 


the cone Ver, 22.4 I] 


Stockwell an 
inus radiata D 


brid 


> torces out ast 


has a specific Sst It : nes, 


rin a1 
A study 
| he forest 


n work, an 


State Park an in Os ne pair of beetles in « 
both in Monterey Counts The parent adult 


town its base with 


Asilomar 
State Park, 
Asilomar State Park 1s in the 


species. 
Reserve 
California 2 
radiatae further cone pr } I gall then 
were extended distally along the ne axis. While 
two vears to ‘ting this gallery the female deposits her 
beetle under natural eggs in nich hic 1 lé in the seeds 
gallery c rer posited 
erin pairs. The parent adults leave the 
eone by wav of tl a and then the 
hole is plugged with piteh and boring dust. The 
this time of the vear are rather small, 
1.25 meches long Ky yy 
‘ 


made in ia 
eones atter the 


Grove, le type lox ality or G 


periodica 
id behavior of the 
sao and a 


of Pacific 
3 observations 


-*« ‘ ° Yee 
study he 


field 
eonstruc 
wabits ar 


ry 


series of sila itory rearings adi icent to the ves are 
lade in the 1957 
larval in and the 
life stage under laboratory. 
was impossible to do in the field 

other infesting bark beetles 
iducted in the Miller (1915) 
reported on the life history eh habits of the sugar 


pine cone beetle Conophthorus lambertianae.Hop- 


ba -einns ne the singly 
aaabiand or feach 


this 


g of 


sprit 
sani of stars le entrance 
conditions * «tS 
cones at 
0.75 
series of 
them ranged from 6 to 16, 


eggs per cone 


Studies on counts 


eone 


have been cor past emales had abandoned 


with an average of 4 


} 


kins 


infesting the cones of sugar pine, and C. 
ponderosae Hopkins infesting the cones ‘of pone 
derosa pine; Lyons (1956) reported on the life 
history and habits of the red pine cone beetle C 
resinosae Hopkins infesting the cones of red pine. 
The life histories and habits of these cone beetles 


ire similar to those observed for the. Monterey 


One of a series of studies made possible by a grant 


n » Gilbert M. Walker Trust. _ 
te cepte j for publication November 4, 1957. 


There appears to ™ another pe tod of attack, 
about June, as evidenced by the larger size of 
cones killed, 2.75-3.25 inches long It has not. 
been determined whether these were 
attacked by the overwintering parent adults or 
by the new brood produced in, the spring. The 
number of eggs in larger cones ranged from 
10-30 eggs with an average of IS eggs per 

Upon hatching the larvae feed first on the seeds 
in which the eggs had been deposited and then 
on the other Just prior te 


eames 


these 


cone 


tussues of the cone 





Riuckes: The Monterey-Pine Cone Beetle 
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NOTICE TO AUTHORS 


: On the tnside of the front cover of the Septembe 
ENTOMOLOGICAL SOCIETY OF AMERICA (Vol 
designating 
Peat sted that tt be meluded) was announced 

At the Annual Meeting held at Memphis, Tenn... Dec. 2-5, 1957, e Governing Board o he 
Society adi ipted a resolution requiring that papers published in the ANNALS OF THE ENTO 
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